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1. Project Management (Group A)
1.1 Project/Task Organization (A4)

This section presents the organization structure and lines of communication that will be
followed to implement the monitoring well installation and groundwater sampling and
analysis activities presented in this Groundwater Monitoring Quality Assurance Project
Plan (QAPP).

The Yakima Valley Dairies (Dairies) have retained ARCADIS U.S., Inc. (ARCADIS) to
develop and implement the Groundwater Monitoring QAPP. The QAPP has been
developed in accordance with requirements identified in Section IIl.E of the Statement
of Work (SOW) (Appendix B of Administrative Order on Consent (AOC) SDWA-10-
2013-0080). The QAPP was prepared in accordance with “Guidance for Quality
Assurance Project Plans (QA/G-5)" (EPA 2002) and “EPA Requirements for Quality
Assurance Project Plans (EPA QA/R-5) (EPA 2001, reissued May 2006). To ensure
usability, completeness, and compliance with U.S. Environmental Protection Agency
(EPA) guidance, QAPP elements are designated throughout this document by EPA
guidance-defined groups, identified by numbers in parentheses next to headings and
titles (e.g., Al, A2). In addition to the above guidance, data quality objectives (DQOS)
were developed using the requirements included in the AOC SOW and in accordance
with the “Guidance on Systematic Planning Using the Data Quality Objectives Process
(QA/G-4)” (EPA 2006).

The project organization and lines of authority and communication are illustrated
schematically on Figure 1.

The Project Coordinator (PC) will be responsible for the implementation of activities
identified in the QAPP and will maintain communication with the EPA PC as required to
communicate progress and resolve issues that may arise during the implementation of
the QAPP, if necessary. The PC has overall authority over the project team and
implementation of the QAPP.

The project chemist and Quality Assurance Manager (QAM) will assist in the

development and review of project planning documents, evaluation of data, and
preparation of deliverables.

rpt-yvd_gwm gapp(draft)-05202013.docx
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Laboratory analysis of project samples will be performed by TestAmerica Analytical
Laboratories, Inc. (TestAmerica) located at 11922 E 1* Avenue, Spokane, Washington,
509.924-9200. TestAmerica is a state of Washington-certified analytical laboratory.

The Field Team Leader/Site Safety Coordinator (FTL/SSC) will be responsible for
sample collection activities and will implement the QAPP and Health and Safety Plan
(HSP). A licensed hydrogeologist (LHG) will lead monitoring well completion activities.

The PC, project chemist, and QAM will develop appropriate corrective actions to
address any potential quality assurance issues or deficiencies that may occur.
Corrective actions will be communicated to the EPA PC and will be implemented and
documented by the FTL or laboratory, as required.

1.2 Problem Definition/Background (A5)
1.2.1 Purpose

This Groundwater Monitoring QAPP defines and describes the processes and methods
that will be employed to perform monitoring well installation and groundwater
monitoring required under Section III.E of the AOC SOW. This QAPP was developed
to document the type, quantity, and quality of data needed to meet project objectives
and support key decisions, and describes the methods for collecting and assessing
data collected as part of QAPP implementation.

1.2.2 Problem Statement

Pursuant to Section IIl.E of the AOC SOW, the objectives of the Groundwater
Monitoring QAPP are to establish a baseline of groundwater quality information at the
Dairies to evaluate whether actions taken to reduce nitrogen loading are effective over
time, and to collect information to supplement and verify existing information on the
environmental setting at the Dairies, including further clarification of the hydraulic
gradient of the aquifer beneath the Dairies.

1.2.3 Conceptual Site Model
A conceptual site model (CSM) for the Dairies was developed in accordance with the
guidance document: Environmental Cleanup Best Management Practices, Effective

Use of the Project Life Cycle Conceptual Model (EPA 2011). The CSM is presented in
Figure 2. The CSM provides a graphic description of how nitrogen from various

rpt-yvd_gwm gapp(draft)-05202013.docx
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potential dairy facility sources may reach groundwater and eventually drinking water
wells as nitrate. Potential sources of nitrogen from the dairy facilities include animal
waste lagoons, animal waste management or storage ponds, and irrigated cropland.
With respect to irrigated crop fields, the potential nitrogen sources include solid
manure, liquid manure, and synthetic fertilizers applied to the surface soils. Different
forms of nitrogen typically migrate through unsaturated subsurface soils and enter into
the shallow alluvial aquifer. Nitrogen forms are converted to nitrate via nitrification
through chemical and biological processes. Groundwater containing nitrate could be
pumped from the shallow aquifer to drinking water wells for human consumption.

1.3 Project/Task Description and Schedule (A6)
1.3.1 Project/Task Description

The scope of this Groundwater Monitoring QAPP includes provision to collect
information to supplement and verify existing information on the environmental setting
at the Dairies and includes groundwater monitoring well installation, quarterly
groundwater sampling, and laboratory analysis of groundwater samples. Information
collected in accordance with this QAPP will be reported in the Groundwater Monitoring
Well Installation Report and the Groundwater Monitoring Data Reports. Specific
activities to be performed as part of this QAPP include the following:

¢ Drill and install up to 23 groundwater monitoring wells at locations identified in the
AOC SOW (Table 1; Figures 3 and 4). Twenty wells will be completed in the
shallow portion of the surficial aquifer with three of these wells located upgradient
of the Dairies at the Dairies discretion. Three wells will be completed in the deep
portion of the surficial aquifer. Monitoring wells will be drilled, installed, and
developed as described in the Monitoring Well Installation Work Plan (Appendix A).

® Collect lithologic information from well boreholes to supplement and verify existing
information on the environmental setting.

® Set well screens in monitoring wells completed in the shallow portion of the surficial
aquifer across the water table as determined at the time of monitoring well
installation (e.g., 15 feet of screen below the water table and 5 feet of screen
above the water table). Set the top of the screen in monitoring wells completed in
the deeper portion of the surficial aquifer at approximately 45 feet below the water
table at the time of installation.

rpt-yvd_gwm gapp(draft)-05202013.docx
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® Develop monitoring wells in accordance with the method presented in the
Monitoring Well Development Guidelines for Superfund Project Managers (April
1992).

® Monitor groundwater wells on a quarterly basis. Monitoring will include gauging
water levels, measuring field parameters, and collecting water samples for
laboratory analysis.

®* Analyze quarterly groundwater samples for analytes presented in Section 2.4 at a
state of Washington-certified analytical laboratory.

® |nstall pressure transducers in up to six monitoring wells within the boundary of the
Dairies to measure fluctuations in the water table and provide additional
information regarding hydraulic gradient. Two of the pressure transducers will be
installed in a shallow / deep well pair to evaluate changes in head between the
shallow and deep zones. Measurements from the transducers will initially be
collected on a weekly basis.

® Survey monitoring well locations and elevations. The survey will be performed by a
Washington State licensed professional land surveyor. Wells will be surveyed and
existing well elevations converted to the National Geodetic Vertical Datum
(NGVD), 1929, or updated to North American Vertical Datum of 1988 (NAVD88) to
an accuracy of within 0.01 foot. Horizontal surveying accuracy will be within 1.0
foot using the Washington State Coordinate System.

®* Prepare a Groundwater Monitoring Well Installation Report including lithologic logs
and well construction details. This report, as well as subsequent Groundwater
Monitoring Data Reports, will present a comprehensive discussion on the
environmental setting in accordance with Section Ill.E.1.a of the AOC SOW
including geology and hydrogeology beneath the Dairies, hydrogeologic
characteristics affecting groundwater flow and contaminant migration. The reports
will present discussions on human influences, including off-site structures and
conditions that may affect hydrology, hydrogeology, and migration of contaminants
at or from the Dairies. The reports will include descriptions of surface water flow
regimes, both regional and on/near the Dairies.

rpt-yvd_gwm gapp(draft)-05202013.docx
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1.3.2 Project Schedule

Task

Start Date

Completion Date

Groundwater Monitoring
QAPP

Upon the Effective Date of
the AOC

May 20, 2013 (60 days
after the Effective Date of
the AOC)

Monitoring well drilling,
installation, and
development

Upon EPA Approval of the
Groundwater Monitoring
QAPP

45 days after approval of
the QAPP

Install pressure

Within 5 days of

5 days after completion of

transducers completion of installation well installation and
and development of development activities
monitoring wells

Survey wells Within 5 days of 10 days after completion of

completion of installation
and development of
monitoring wells

well installation and
development activities

Initial groundwater
sampling

Within 5 days of
completion of installation
and development of
monitoring wells

30 days after completion of
well installation and
development activities

Submittal of Groundwater
Monitoring Well Installation
Report

Upon completion of field
activities

60 days after completion of
monitoring well installation
and development activities

Quarterly groundwater
sampling.

3 months after
commencement of the
previous sampling event

3 months after completion
of the previous sampling
event

Submittal of validated
groundwater nitrate
analytical results

Upon receipt of laboratory
data

30 days of collecting last
sample of each sampling
event

rpt-yvd_gwm gapp(draft)-05202013.docx
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Task Start Date Completion Date
Quarterly Groundwater 60 days after each
Monitoring Data Reports guarterly monitoring event

for at least the first year,
with later adjustment at the
discretion of EPA

Annual Groundwater March 1 of each year after
Monitoring Data Reports the Effective date
beginning in 2014 (as part
of the Annual Report
described in Section II1.LK.2
of the AOC SOW)

1.4 Quality Objectives and Criteria (A7)
1.4.1 Project Quality Objectives

Project-specific Data Quality Objectives (DQOs) were identified through the DQO
process (EPA 2006) to meet the data user’s needs for each activity. The specific data
needs for the Groundwater Monitoring focus primarily on nitrate concentrations in
groundwater that may be used for drinking water purposes. The DQO decision-making
process for the Groundwater Monitoring is described in Appendix B.

The data needs for the Groundwater Monitoring are summarized in Table 2. This table
lists the specific analytes, regulatory limits and measurement criteria, and data uses.
The different criteria that were evaluated to develop the data needs are described in
the DQO decision-making process (Appendix B).

1.4.2 Measurement Performance Criteria

Measurement performance criteria are often expressed in terms of data quality
indicators. The principal indicators of data quality are precision, accuracy,
representativeness, comparability, and completeness (PARCC criteria). The following
are definitions for the assessment of data quality indicators summarized from
“Guidance for Quality Assurance Project Plans (EPA QA/G-5) (EPA 2002):

rpt-yvd_gwm gapp(draft)-05202013.docx
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Precision is the measure of agreement among repeated measurements of the same
property under identical or substantially similar conditions and is calculated as either
the range or standard deviation.

Accuracy is a measure of the overall agreement of a measurement to a known value.
It includes a combination of random error (precision) and systematic error (bias)
components of both sampling and analytical operations.

Representativeness is a qualitative term that expresses the degree to which data
accurately and precisely represent a characteristic of a population, parameter
variations at a sampling point, a process conditions, or an environmental condition.

Comparability is a qualitative term that expresses the measure of confidence that one
data set can be compared to another and can be combined for the decision to be
made.

Completeness is a measure of the amount of valid data needed to be obtained from a
measurement system.

Precision, accuracy, and completeness criteria are shown in Table 3.
1.5 Special Training/Certification (A8)

All personnel working on the project site will be trained in health and safety in
accordance with the Health and Safety Plan (HSP). All personnel will comply with the
requirements included in the HSP regarding site-specific hazards and conditions.
Training requirements, documentation, and tracking are included in the HSP.

The laboratory performing analysis of groundwater samples is TestAmerica Analytical
Laboratories, Inc. (TestAmerica). Section Ill.A.3.a of the AOC SOW requires
laboratories analyzing non-drinking water samples to be accredited by the state of
Washington, National Environmental Laboratory Accreditation Program (NELAP) or
equivalent as determined by EPA. TestAmerica’s certification is included in

Appendix C. TestAmerica will comply with the requirements for analytical laboratories
described in Section Ill.A.3.a of the AOC SOW.

rpt-yvd_gwm gapp(draft)-05202013.docx
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1.6 Documents and Records (A9)

All field activities will be documented in field notebooks and the appropriate field forms
included in Appendix D. Field documentation may include, but is not limited to:

e Boring/Monitoring Well Log

e Well Development Record

e Groundwater Sampling Record
e Chain-of-Custody Form

e Daily Field Activities Record

All field team-generated documentation will be compiled and submitted to the FTL and
PC for distribution, inclusion in the project records, and use in subsequent reporting.

Laboratory documentation will be provided in accordance with the methods and
protocols discussed in Section 4 of this QAPP. Laboratory analytical data will be
distributed to the PC. The PC will distribute the data to the EPA, project team
members, and others as required.

2. Data Generation and Acquisition (Group B)

Considering the primary objective of the project (as detailed in Section 1.2.2), a field
activity and sampling strategy has been designed to ensure that all information, sample
collection, analytical data and resulting decisions are technically sound, scientifically
valid, and properly administered.

2.1 Sampling Design (Experimental Design) (B1)

The objectives of the project will be accomplished by the installation of groundwater
monitoring wells and sampling groundwater from the surficial aquifer. Monitoring wells
will be completed in both the shallow and deep portions of the surficial aquifer. Table 1
presents a summary of the proposed monitoring wells, well locations, and the rationale
for each wells’ location.

2.1.1 Groundwater Monitoring Well Installation and Development

The procedures for drilling and developing the monitoring wells are presented in the
Groundwater Monitoring Well Installation Work Plan (Appendix A).

rpt-yvd_gwm gapp(draft)-05202013.docx
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2.1.2 Groundwater Well Sampling

Groundwater samples will be collected from newly installed groundwater monitoring
wells and previously installed EPA monitoring wells. Groundwater monitoring wells that
will be included in groundwater sampling efforts are shown in Figures 3 and 4 and
summarized in Table 1. As noted in Table 1, not all monitoring wells located at the
upgradient boundary of the Dairy Facilities may be installed.

Section I11.3.b of the AOC SOW requires groundwater samples to be analyzed for
nitrate, nitrite, ammonia, phosphorus, total Kjeldahl nitrogen, select inorganic anions
and metals, and alkalinity. Section 2.2 presents a description of the sampling
methodology that will be employed to collect samples.

Laboratory analytical results will be used to establish baseline groundwater quality at
the Dairies. Quarterly results from subsequent sampling events will be used to evaluate
nitrate concentrations in groundwater over time to evaluate the effectiveness of
nitrogen source actions taken as part of the AOC SOW.

2.1.3 Groundwater Level Monitoring

Long-term groundwater levels will be monitored using pressure transducers in six
monitoring wells to evaluate seasonal fluctuations and trends in groundwater
elevations. Two pressure transducers will be installed in one of the shallow/deep
monitoring well pairs to evaluate differences in head between the shallow and deep
portions of the surficial aquifer. The remaining transducers will be placed in monitoring
wells located within the Dairy Facilities to allow evaluation of groundwater gradients.
Transducers will be vented in order to compensate for barometric pressure changes.
Transducers will be suspended in the well screen intervals below the water table to the
extent that water level fluctuations will not expose the transducers to air. Further, the
transducers will be appropriately rated for the respective anticipated head in each well.
Transducers will be secured within the steel surface casing to prevent vandalism
and/or tampering.

Recorded data will be downloaded from transducers on a weekly basis. During the

weekly downloads, water levels in wells will be manually gauged using a water level
meter.

rpt-yvd_gwm gapp(draft)-05202013.docx
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2.2 Groundwater Sampling Methods (B2)

This section presents the sampling methodology for the collection of laboratory
analytical samples from groundwater monitoring wells. Groundwater monitoring well
sampling activities will be conducted by field teams comprised of two field staff.

2.2.1 Sample Collection

Groundwater samples will be collected from the newly installed and developed
monitoring wells and previously installed EPA wells summarized in Table 1 and
presented in Figures 3 and 4. Groundwater samples will be collected using low-flow
sample collection sample collection procedures described in the Standard Operation
Procedure (SOP) entitled Low-Flow Groundwater Purging and Sampling Procedures
for Monitoring Wells (Appendix E). Low-flow sample collection is a method that
minimizes the impact of the purging process on groundwater chemistry and results in a
smaller volume of purge water.

The low-flow sample collection method requires water quality indicator parameters and
water levels to be measured during purging, prior to sample collection. Stabilization of
the water quality indicator parameters, and monitoring water levels, is a prerequisite to
sample collection. The water quality indicator parameters to be measured include
dissolved oxygen, oxidation-reduction potential, pH, specific conductance,
temperature, and turbidity. Analyte specifications for field parameters and stabilization
criteria are presented in Table 4. Sample container types, the number of containers,
holding times, and preservation for required analytes are specified in Table 3.

2.2.2 Sampling Equipment Decontamination

Decontamination of sampling equipment will follow the procedures presented in the
SOP entitled Field Equipment Decontamination (Appendix F).

2.3 Sample Handling and Custody (B3)

This section describes sample management and documentation procedures that will
be followed during Groundwater Monitoring to ensure that samples keep their original
condition during sample collection, transportation, storage, and analysis. All sample
control and chain-of-custody procedures will follow the SOP entitled Chain-of-Custody,
Handling, Packing and Shipping (Appendix G) except where noted.

rpt-yvd_gwm gapp(draft)-05202013.docx
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2.3.1 Sample Labeling Methodology

All samples collected for laboratory analysis will be assigned a unique sample number
and will include samples, field duplicates, and field blanks using the nomenclature
system described in this section. Sample identification for well samples, duplicates, and
field blanks will be as follows:

Well sample YVD-01-date
Field duplicate YVD-D1-date
Field blank YVD-F1-date

where “date” is in the form of year, month, and day (i.e., yymmdd). One field duplicate
sample will be collected for every ten samples. Field blanks will be prepared daily. For
example, sample no. YVD-07-130815 would refer to groundwater sample collected
from monitoring well YVD-07 on August 15, 2013. Comparatively YVD-D3-131110
would refer to field duplicate number 3 collected on November 10, 2013, and YVD-F2-
140217 would refer to field blank number 2 collected on February 17, 2014.

Each sample collected in the field will be labeled for future identification. Sample labels
will be filled out as completely as possible by a member of the sampling team prior to
the start of the day’s field sampling activities. The date, time, sampler’s signature, and
the last field of the sample identification humber should not be completed until the
sample is actually collected. All sample labels will be filled out using waterproof ink. At
a minimum, each label will contain the following information:

Sampler’s initials

Sampler’'s company affiliation

Site location

Sample identification number
Date and time of sample collection
Analyses required

Sample matrix

Sampler’s signature.

2.3.2 Sample Chain-of-Custody
Sample designation, sampling time and date, sampling personnel, and analyses will

also be recorded on the field records, sample labels, and chains of custody. The
purpose of the chain-of-custody is to ensure that the possession of samples is

rpt-yvd_gwm gapp(draft)-05202013.docx
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traceable from the time of sample collection until the samples are analyzed. A sample
is considered to be in custody when:

e |tis in your possession.

e |tis in your view, after being in your possession.

e |twas in your possession and then you secured it.

e ltisin a designated secure area that has restricted access.

To ensure proper control of samples in the field, it is important that as few people as
possible handle the samples. The field sampler is the primary person responsible for
the care and custody of samples until they are transferred or shipped. The PC and FTL
will determine if proper custody procedures have been followed during field activities
and, if deficiencies are found, will determine if additional sample collection is
warranted.

All samples will be accompanied by a chain-of-custody record. When custody of
samples is transferred, the individuals relinquishing and receiving the samples will sign
and date the chain-of-custody record. The chain-of-custody record documents custody
transfer from the sampler, often through another agent (shipping/transport company),
to the laboratory sample custodian.

Prior to shipment, samples will be packaged properly and a chain-of-custody record will
accompany each shipping container. All shipping containers will be sealed with custody
seals for shipment/transport to the laboratory. Custody seals will be placed in a manner
that will indicate if the container has been opened during shipment. Courier names and
other pertinent information will be documented on the chain-of-custody record. All
shipments will be accompanied by the chain-of-custody record that identifies the
contents of the shipment. The original and one copy will be included in the shipment,
an additional copy will be retained by the sampler and provided to the PC. All shipping
documentation (e.g., freight bills) will be retained as part of the chain-of-custody
documentation by the PC.

All samples collected for laboratory nitrate concentration analysis will be received by
Ms. Cat Stapleton at TestAmerica located at 11922 E 1* Avenue, Spokane,
Washington, 509.924-9200. Because of the 48-hour holding time for nitrate analysis by
EPA method 300.0, samples will be shipped using an overnight delivery service each
day (Monday through Thursday). TestAmerica will analyze the samples immediately
upon receipt to ensure holding time compliance.

rpt-yvd_gwm gapp(draft)-05202013.docx
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Upon arrival at the laboratory, the TestAmerica sample custodian will accept custody of
the samples from the carrier and enter information about the shipment into a sample
receipt log that will include the initials of the person delivering the package and the
status of custody seals on the containers. The sample custodian will log in the samples
following the laboratory standard operating procedure. Following sample analysis, the
unused portions of all samples will be disposed of by TestAmerica in accordance with
their laboratory SOP.

2.3.3 Field Logbooks and Field Sampling Forms

In addition to the chain-of-custody documentation described above, field log books and
field sampling forms will be completed to document daily activities and observations.
Field sampling forms will be completed at each groundwater monitoring well and will
indicate if samples are collected, sample numbers, duplicate samples, and other
pertinent information including significant events and observations that occur during
sampling activities.

Data entry for sample collection, field measurements, and field equipment will follow
the approach provided in the Field Log Book Entries SOP (Appendix H). Sufficient
information will be noted in the field log books and on field sampling forms to enable
participants to reconstruct events that occurred and to refresh the memory of field
personnel if needed. Original copies of all field log books, field forms, and chain-of-
custody documents will be retained by the PC in the project files.

2.4 Analytical Methods (B4)
Groundwater samples will be analyzed for the following analytes and methods:

e Nitrate (as Nitrogen) — EPA Method 300.0

e Nitrite (as Nitrogen) — EPA Method 300.0

e Ammonia — EPA Method 350.1

e Total phosphorus — EPA Method 365.1

e Total Kjeldahl nitrogen — EPA Method 351.2

e Inorganic anions (chloride, fluoride, sulfate) — EPA Method 300.0

e Metals (calcium, potassium, magnesium, sodium) — EPA Method 200.7
e Alkalinity (total and bicarbonate) — Standard Method 2320B

Table 3 presents the analytes, method, container, preservation method, and holding
times for the groundwater samples collected during the Groundwater Monitoring.
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2.5 Quality Control (B5)

This section presents the field and laboratory quality control (QC) requirements for
Groundwater Monitoring.

2.5.1 Field Quality Control Samples

Groundwater Monitoring includes the collection of field QC samples including field
duplicates and field blanks. The field duplicate samples will be collected immediately
following collection of target samples using the same collection procedures. Field
duplicate samples will be collected at a frequency of one in every ten samples. A field
blank QC sample will be prepared by the sampling team at the beginning of each
sampling day by filling a sample bottle with laboratory supplied deionized water. The
field blank will remain in the sample container throughout the day. Field blanks will be
prepared for each sample container and will be sent to the laboratory for analysis.

2.5.2 Laboratory Quality Control Procedures
Laboratory QC procedures include the following:

e Nitrate analysis of water samples according to EPA Method 300.0

e Instrument calibration and standards as defined in EPA Method 300.0

¢ Ammonia — EPA Method 350.1

e Total phosphorus — EPA Method 365.1

e Total Kjeldahl nitrogen — EPA Method 351.2

e Inorganic anions (chloride, fluoride, sulfate) — EPA Method 300.0

e Metals (calcium, potassium, magnesium, sodium) — EPA Method 200.7

o Alkalinity (total and bicarbonate) — Standard Method 2320B

e Laboratory blank measurements at a minimum 5 percent or one per batch
frequency

e Accuracy and precision measurements at a minimum of one in 20 or one per
set

e Data reduction and reporting according to the specified EPA Methods

e Laboratory documentation according to the specified EPA methods and
laboratory SOP requirements.
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2.6 Instrument/Equipment Testing, Inspection, and Maintenance (B6)

Instrument maintenance logbooks will be maintained in the laboratory at all times and
will include a schedule of maintenance as well as a complete history of past
maintenance for equipment used for the analysis of groundwater monitoring samples.

2.7 Instrument/Equipment Calibration and Frequency (B7)

The analytical laboratory will follow all calibration procedures and frequencies specified
in the EPA methods listed in Section 2.5.2. The Horiba U50 multi-parameter water
quality meter will be used to collect measurements during well purging and sampling.
This instrument features an intetgrated control unit and sensors and is capable of
making a maximum of 11 simultaneous measurements for various parameters (i.e.,
dissolved oxygen, oxidation-reduction potential, pH, specific conductance,
temperature, and turbidity). The Horiba is composed of the sensor unit that is lowered
into the water, and the hand-held monitor, which allows the user to view and log sensor
readings. The field instrument will be calibrated daily or as recommended by the
manufacturer using the manual calibration procedures specified in the SOP

(Appendix I).

2.8 Inspection/Acceptance of Supplies and Consumable (B8)

Supplies and consumables will be inspected upon receipt. All sample bottles used for
the collection of laboratory analysis samples will be provided by the laboratory and will
be new and certified clean. Field sampling team members will make note of the
information on the certificate of analysis that accompanies sample containers to ensure
that they meet the specifications and guidance for contaminant-free sample containers.
Any discrepancies will be brought immediately to the attention of the FTL.

2.9 Non-direct Measurements (B9)
No pre-existing data will be used to make decisions in support of the Groundwater

Monitoring. All data used to support decision-making will be collected during the
Groundwater Monitoring.
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2.10 Data Management (B10)

All field data collected during the Groundwater Monitoring will be recorded on field
forms. Pertinent information will be transferred to an Excel spreadsheet or similar
electronic data management tool.

The analytical data obtained from the laboratory will be maintained in an electronic
data management tool. All data will undergo review and validation as described in
Section 4.

In addition, the data provided to the EPA will be in accordance with the procedures
presented in “EPA Region 10 Monitoring and Analytical Data Deliverables Data
Submission Process for Water Quality Exchange (WQX) Compatible Deliverables for
Yakima Dairies (Docket No. SDWA-10-2013-0080), and “EPA Region 10 Geographic
Information System Data Deliverable Guidance for Yakima Dairies (Docket No. SDWA-
10-2013-0080). These documents are presented in Appendix J.

Data submitted to the EPA will be provided in the requested format which will be
consistent with the examples provided by the EPA to ARCADIS. An example of the
required file format was provided to ARCADIS in EPA file RLOWQXEDD.zip.

3. Assessment and Oversight (Group C)
3.1 Assessments and Response Actions (C1)

The PC, QAM, and project chemist will monitor the performance of the QA procedures
presented in this QAPP. The PC has the ultimate responsibility for implementation of
this QAPP. If problems arise, or if directed by the PC, the QAM will conduct a field audit
for the purpose of evaluating compliance with the guidance presented in this QAPP.

Laboratory analysis of samples collected during Groundwater Monitoring will be
conducted by TestAmerica. TestAmerica will be responsible for complying with EPA
Methods listed in Section 2.5.2 of this QAPP and internal SOPs for sample analyses;
QC; and instrument testing, inspection, maintenance, and calibration. If deficiencies
are noted, TestAmerica will notify the PC. If such cases occur, the PC will notify the
EPA PC and corrective action procedures will be implemented.

rpt-yvd_gwm gapp(draft)-05202013.docx

16



@ ARCADIS Quality Assurance

Project Plan

Groundwater Monitoring
Yakima Valley Dairies
SDWA-10-2013-0080

3.2 Reports to Management (C2)
3.2.1 Groundwater Monitoring Well Installation Report

The Groundwater Monitoring Well Installation Report will include, at a minimum, the
following information for all groundwater monitoring wells used to meet the project
objectives described in Section Il of the AOC SOW.

® Adescription (in the form of a table) and map showing all well locations, including
each well's surveyed surface reference point, vertical reference point elevation,
well depth, and screened interval. The table which provides these data will
reference the datum used for all measurements.

® Base map identifying monitoring well locations in reference to the potential source
areas present. Base maps prepared from aerial photographs will reference: source
of the photograph, date, north arrow, scale, altitude, name, photograph number or
identification code, photo provider, camera calibration, etc. Image maps will be
based on orthorectified or georegistered imagery.

* Site maps will show the locations of major features such as structures (buildings,
tanks, lagoons, irrigated fields, fertilized fields, manure piles, unlined corrals, etc.),
natural features, monitoring wells, other sampling locations, major surface
topography characteristics, spill areas, discharge points (pipes, culverts, weirs,
etc.), roads (including names), property and fence lines, etc. Site maps will also
include the base map reference, date of latest revision, project name and number,
site location, north arrow, scale, and legend with the appropriate information
depicted on the map.

®*  Well logs will include boring and casing diameter and total depth of each well,
description of the well screen interval including screen slot type, size, and length,
depth of screen, filter pack materials, and method of filter pack emplacement.

®* Documentation of methods used to seal each well from the surface to prevent
infiltration of water into the well and downward migration of contaminants through
the well annulus.

® Description of well development methods and procedures, including volume
purged and parameter measurements.
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* Documentation that all boring, well installation, and well abandonment procedures
comply with all applicable federal, state, and local laws, and were conducted by a
well driller licensed in the state of Washington.

® The Groundwater Monitoring Well Installation Report will be submitted within 60
days after completion of monitoring well installation and development activities

3.2.2 Groundwater Monitoring Data Reports

Quarterly and Annual Groundwater Monitoring Data Reports will be prepared following
guarterly sampling events and annually starting in 2014, respectively. The
Groundwater Monitoring Data Reports will present the findings of the groundwater
monitoring work at the Dairies. Reports will include, but are not limited to, the following
components:

® Each Quarterly Groundwater Monitoring Data Report will present, in tabular format,
the field parameters and validated data with qualifiers, if applied, and complete
analytical data package for constituents monitored in groundwater for each
guarterly groundwater monitoring event. Each quarterly report will include figure(s)
that depict, at a minimum, water level elevations and gradient and constituent
concentrations.

®* The second Quarterly Groundwater Monitoring Data Report will include all of the
information, interpretation, and cumulative data presentation and be formatted to
be representative of an Annual Groundwater Monitoring Data Report. Quarterly
Groundwater Monitoring Data Reports will be submitted to the EPA after each
guarterly data collection effort as required in Section Ill.A.e of the AOC SOW.

® Each Annual Groundwater Monitoring Data Report will include the same
information contained in the Quarterly Groundwater Monitoring Data Reports, and
will include a cumulative presentation of all data collected to date.

® Each Annual Groundwater Monitoring Data Report will contain a chart for each
sample parameter at each well (e.g., time-concentration plots). The charts will
include all historical data collected from each well.

¢ Each Annual Groundwater Monitoring Data Report will be submitted as part of the

Annual Report described in Section I1.K.2 of the AOC SOW.
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3.2.3 Analytical Data Reporting

The analytical laboratory, TestAmerica, will submit sufficient laboratory documentation
such that sample results are traceable to the field samples, and the analytical data can

be verified and validated by an independent third-party review. Preliminary and

validated data reports will be provided by the laboratory to the PC. The PC, QAM, and

project chemist will review the data reports from the laboratory and will evaluate the
data validation and usability as described in Section 4. Validated data, the validation

report, and associated raw data will be submitted to EPA in accordance with the AOC.

The following information will either be supplied by the laboratory as a hard copy

deliverables to support project activities, data validation and the documentation of data

quality or maintained at the laboratory and available on request:

Data Deliverables (or maintained at the laboratory)

Case narrative including a discussion of nonconformance and corrective actions

Sample data and QC data summary forms

Chain-of-custody (COC) forms, sample receipt forms, logbook pages, shipping
manifests

Verification of sample temperature on receipt

Copies of temperature logs for storage coolers used to store samples

Certificate of cleanliness for all laboratory-supplied sample bottles

Internal COC

Copies of SOPs

Sample and Standard preparation logs

Instrument Operating Conditions

Copies of sample analysis logbooks and analyst’s notes

Instrument Run Log including copies of autosampler loading and verification of the
autosampler loading

Raw data for instrument — hardcopy or electronic for field, calibration, and QC
samples

Data review sheets

rpt-yvd_gwm gapp(draft)-05202013.docx

Quality Assurance
Project Plan

Groundwater Monitoring
Yakima Valley Dairies
SDWA-10-2013-0080

19



@ ARCADIS Quality Assurance

Project Plan

Groundwater Monitoring
Yakima Valley Dairies
SDWA-10-2013-0080

Data Deliverables (or maintained at the laboratory)

Example calculations

Control charts for method blanks, replicates, matrix spikes, matrix spike duplicates,
laboratory control samples, and surrogates

Pertinent Method Detection Limit (MDL) studies and supporting information

Standards, standards reference materials, balance weights, and thermometer
certificates

Verification of autopipettors and volumetric glassware

Balance calibration logs

Equipment maintenance records

Consumables acceptance and tracking records

Analyst’s demonstration of precision and accuracy

The validated data, the data validation repot, and the associated laboratory data will be
submitted to the EPA in accordance with the AOC.

4. Data Validation and Usability (Group D)

4.1 Data Review, Verification, and Validation (D1)

Data verification will be conducted by the laboratory prior to submission to the PC. Data
review, validation, and verification performed by the laboratory will comply with EPA
requirements and laboratory SOPs for the EPA Methods specified in Section 2.5.2 of
this QAPP.

4.2 Verification and Validation Methods (D2)

Prior to submitting the analytical samples to the laboratory, the sampling team leader or
a designate will review the field notes and chain of custody for accuracy and

completeness. The notes will be reviewed for appropriate documentation of the field
work pertinent activities, including verifying complete residential information. The chain
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of custodies will be reviewed for appropriate sample nomenclature and selected
analysis.

The analytical data generated shall be reduced, validated, and reported by the
laboratory according to the EPA methods listed in Section 2.5.2 above. Data
verification will be performed by the laboratory for all analyses prior to the release of
the data to ARCADIS. The laboratory will archive the analytical data in their own
laboratory data management system. In addition, the project chemist will validate
laboratory data upon receipt.

4.2.1 Validation

An ARCADIS chemist will validate laboratory data upon receipt. The chemist will
perform a Level |l validation consistent with the National Functional Guidelines (EPA
2010). The checklist to be used in the validation process is presented in Table 5.

4.3 Reconciliation with User Requirements (D3)

Analytical data results obtained during the Groundwater Monitoring will be reconciled
with precision, accuracy, and completeness criteria shown in Table 3.
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6. Certifications

6.1 Cow Palace Certification

| certify under the penalty of law that this document and all attachments were prepared
by me or under my direction or supervision in accordance with a system designed to
assure that qualified personnel gathered and evaluated the information submitted.
Based on my inquiry of any and all persons directly responsible for gathering and
analyzing the information obtained, | certify that the information contained in or
accompanying this submittal is to the best of my knowledge and belief, true, accurate
and complete. As to those identified portion(s) of this submittal for which | cannot
personally verify the accuracy, | certify that this submittal and all attachments were
prepared in accordance with procedures designed to assure that qualified personnel
properly gathered and evaiuated the information submitted. Based on my inquiry of the
person or persons who manage the system, or those directly responsible for gathering
the information, or the immediate supervisor of such person(s), the information
submitted is, to the best of my knowiedge and belief, true, accurate, and complete. |
am aware that there are significant penalties for submitting false information, inciuding
the possibility of fine and imprisonment for knowing violations.

Cow Palace LLC

Signature: _

Neme: [N

Title: Member

Date: S - /7‘/3
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6.2 D & A Dairy and George DeRuyter & Son Dairy Certification

I certify under the penalty of law that this document and all attachments were prepared
by me or under my direction or supervision in accordance with a system designed to
assure that qualified personnel gathered and evaluated the information submitted.
Based on my inquiry of any and all persons directly responsible for gathering and
analyzing the information obtained, | certify that the information contained in or
accompanying this submittal is to the best of my knowledge and belief, true, accurate
and complete. As to those identified portion(s) of this submittal for which | cannot
personally verify the accuracy, | certify that this submittal and all attachments were
prepared in accordance with procedures designed to assure that qualified personnel
properly gathered and evaluated the information submitted. Based on my inquiry of the
person or persons who manage the system, or those directly responsible for gathering
the information, or the immediate supervisor of such person(s), the information
submitted is, to the best of my knowledge and belief, true, accurate, and complete. |
am aware that there are significant penalties for submitting false information, including
the possibility of fine and imprisonment for knowing violations.

D & A Dairy, LLC (also known as D and A Dairy L.L.C.),
George DeRuyter & Son Dairy, L.L.C

Name: [
Title: Member

Date: (5/ a2 1/[3
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6.3 George & Margaret Certification

| certify under the penalty of law that this document and all attachments were prepared
by me or under my direction or supervision in accordance with a system designed to
assure that qualified personnel gathered and evaluated the information submitted.
Based on my inquiry of any and all persons directly responsible for gathering and
analyzing the information obtained, | certify that the information contained in or
accompanying this submittal is to the best of my knowledge and belief, true, accurate
and complete. As to those identified portion(s) of this submittal for which | cannot
personally verify the accuracy, | certify that this submittal and all attachments were
prepared in accordance with procedures designed to assure that qualified personnel
properly gathered and evaluated the information submitted. Based on my inquiry of the
person or persons who manage the system, or those directly responsible for gathering
the information, or the immediate supervisor of such person(s), the information
submitted is, to the best of my knowledge and belief, true, accurate, and complete. |
am aware that there are significant penalties for submitting false information, including
the possibility of fine and imprisonment for knowing violations.

George & Margaret, L.L.C.

Signature:

Name: s
Title: Member

Date:
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6.4 Liberty Dairy Certification

| certify under the penalty of law that this document and all attachments were prepared
by me or under my direction or supervision in accordance with a system designed to
assure that qualified personnel gathered and evaluated the information submitted.
Based on my inquiry of any and all persons directly responsible for gathering and
analyzing the information obtained, | certify that the information contained in or
accompanying this submittal is to the best of my knowledge and belief, true, accurate
and complete. As to those identified portion(s) of this submittal for which | cannot
personally verify the accuracy, | certify that this submittal and all attachments were
prepared in accordance with procedures designed to assure that qualified personnel
properly gathered and evaluated the information submitted. Based on my inquiry of the
person or persons who manage the system, or those directly responsible for gathering
the information, or the immediate supervisor of such person(s), the information
submitted is, to the best of my knowledge and belief, true, accurate, and complete. |
am aware that there are significant penalties for submitting false information, including
the possibility of fine and imprisonment for knowing violations.

Liberty Dairy, LLC and its associated dairy facility
H & S Bosma Dairy

Signature:

Name: I
Title: Partner

Date:
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Table 1
Proposed Monitoring Wells
Yakima Valley Dairies

Coordinates™ pPLS®@
Anticipated
Ground Well
Well ID Latitude Longitude | Q-Q-Q® | Section |Township| Range Landmarks u/pW Rationale Elevation® | Depth®
YVD-01 -120.148065 46.417218| NW-NE-NE 26 11N 21E |Along southside of Houghton Upgradient [Monitor conditions upgradient of field 1260 200
Road; 950 feet west of Canal w
Road Location intercepts flow
from upland fields.
YVD-02 -120.113624 46.421791| SW-NW-SE 19 11N 22E  |Along southside of unimproved Upgradient [Monitor conditions upgradient of field 1292 200
canal road; 600 feet west of application*. Location
Chapelle Road intercepts flow from upland fields.
YVD-03 | -120.138205| 46.414107| NE-SE-NW | 25 11N 21E  |Along southside of Roza Canal; Upgradient |Monitor condition_ 1144 200
_ _ Location intercepts flow from
upland fields and lagoon and leakage from
Roza Canal.
YVD-04 | -120.154032| 46.408434| SE-NW-SE 26 11N 21E  |Along southside of Roza Canal; Upgradient |Monitor conditions upgradien(i N 1126 200
1650 feet west of Liberty Road _ Location intercepts flow from
upland fields and leakage from Roza Canal.
YVD-05 -120.142472 46.405572| SW-SW-SW 25 11N 21E  |Along northside of Zilla Drive; 620 Upgradient [Monitor conditions upgradient of field 1063 200
feet east of Liberty Road application and downgradienl-
h. Location intercepts upland
flow.
YVD-06 | -120.136571| 46.407449| NE-SE-SW 25 11N 21E _ Downgradient W 1041 200
1275 feet Location intercepts
north of Zilla Drive; 140 feet west flow from fields and lagoons located upland
of Arms Road and converging into local drainage.
YVD-07 -120.125180 46.404709| SW-SW-SW 30 11N 22E Northeast of intersection of Zillah Upgradient |Monitor conditions upgradient of land 1073 200
Drive and Dekker Road application field. Location intercepts flow
from upland fields and leakage from Roza
Canal.
YVD-08 | -120.152198| 46.396731] NE-NW-SE 35 1IN 21E r Downgradient [Monitor conditions 1011 150
1625 feet west of Location intercepts
Liberty Road flow from fields and lagoons located upland
and converging into local drainage.
YVD-09 | -120.144120| 46.396740| NE-NW-SW | 36 1IN 21E  [Middle of H&S Bosma Dairy; 675 | Downgradient W 981 150
feet east of Liberty Road Location intercepts
flow from fields and lagoons located upland
and converging into local drainage.
YVD-10 -120.136329 46.396756| SW-SW-NE 36 11N 21E |Along Arms Road; halfway Upgradient |Monitor conditions upgradient of land 969 150
between Zillah Drive and Kirks application field. Location intercepts flow
Road from upland fields and coverging into local
drainage.
ARCADIS

5/20/2013




Table 1
Proposed Monitoring Wells
Yakima Valley Dairies

Coordinates® pPLS®@
Anticipated
Ground Well
Well ID Latitude Longitude | Q-Q-Q® | Section |Township| Range Landmarks u/pW Rationale Elevation® | Depth®
YVD-11 -120.122838 46.393649| SW-NE-SW 31 11N 22E  [Near southeast corner of triangle | Downgradient [Monitor conditions downgradient of triange 967 150
lagoon; 480 feet east of Dekker lagoon. Location intercepts flow from fields
Road, 1385 feet north of Kellum and lagoon located upland and converging
Road into local drainage.
YVD-12 -120.166274 46.389838| SW-SW-SW 35 11N 21E  |Southwest corner of field at Downgradient [Monitor conditions downgradient of land 959 100
intersection of Beam Road and application fields. Location intercepts
Kirks Road upland flow.
YVD-13 -120.150243 46.389670| SW-SE-SE 35 11N 21E |Along northside of Kirks Road; 640 | Downgradient |Monitor conditions downgradient of land 958 60
feet west of Liberty Road application fields. Location intercepts
upland flow.
YVD-14 -120.144806 46.390185| SW-SW-SW 36 11N 21E |Along northside of Kirks Road; 400 Downgradient |Monitor conditions downgradient of Bosma 916 60
feet east of Liberty Road Dairy facility. Location intercepts upland
flow.
YVD-15 -120.137213 46.389932| SE-SE-SW 36 11N 21E |Southeast corner of field; 160 feet | Downgradient |Monitor conditions downgradient of land 941 60
north of Kirks Road and 300 feet application fields. Location intercepts
west of Arms Road upland flow.
YVD-16 -120.116322 46.389227| NE-NE-NW 6 10N 22E  [Northeast corner of field along Downgradient |Monitor conditions downgradient of land 972 60
southside of Kellum Road and application fields. Location intercepts
2650 feet east of Dekker Road upland flow.
YVD-17 -120.142252 46.381488| SE-NW-SW 1 10N 21E |Along northside of Sunnyside Downgradient [Monitor conditions downgradient of Bosma 861 60
Canal 680 feet south of Knowles Dairy facility. Location intercepts upland
Road flow converging into local drainage.
YVD-18 -120.147007 46.388516| SW-SE-SE 35 11N 21E |Along northside of Kirks Road; 720 | Downgradient |Monitor conditions in the deeper portion of 960 100
feet west of Liberty Road the surficial aquifer downgradient of land
application fields. Location intercepts
upland flow.
DC-03D -120.146082 46.385979| SW-NW-NW 1 10N 21E |Along Liberty Road near DC-03 Downgradient |Monitor conditions in the deeper portion of 915 125
(MW-3) the surficial aquifer downgradient of land
application fields. Location intercepts
upland flow.
DC-05D -120.121629 46.382184 | NE-NW-SW 6 10N 22E  |Along Knowles Road near DC-05 | Downgradient |Monitor conditions in the deeper portion of 913 120
(MW-5) the surficial aquifer downgradient of land
application fields. Location intercepts
upland flow.
YVD-19 | -120.131637| 46.412528| NW-NW-SE | 25 11N 21 [ Upgradient |WELL INSTALLED AT THE 1128 200
southside of Roza Canal DISCRESSION OF THE RESPONDANTS.
Monitor condition
Location intercepts flow from
fields located uphill and leakage from Roza
Canal.
ARCADIS
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Table 1
Proposed Monitoring Wells
Yakima Valley Dairies

Coordinates® pPLS®@
Anticipated
Ground Well
Well ID Latitude Longitude | Q-Q-Q® | Section |Township| Range Landmarks u/pW Rationale Elevation® | Depth®
YVD-20 | -120.120512| 46.411808| NW-NE-SW | 30 11N 22E F Upgradient |WELL INSTALLED AT THE 1129 200
southside of Roza DISCRESSION OF THE RESPONDANTS.
Canal Monitor conditions upgradient of GDS
facility. Location intercepts flow that
converges into upland drainages and
leakage from Roza Canal.
YVD-21 -120.114506 46.404196| NE-NE-NW 31 11N 22E Along southside of Zillah Drive; Upgradient |(WELL INSTALLED AT THE 1074 200
2760 feet east of Dekker Road DISCRESSION OF THE RESPONDANTS.
Monitor conditions upgradient of land
application field. Location intercepts flow
from upland fields and leakage from Roza
Canal.
DC-01 -120.138097 46.418786| NE-NE-NW 24 11N 21E  |Along south side of E Houghton Upgradient |Well previously installed by EPA 1199.56 ) 160 ©®
Road in Right-of-Way, 3,200 feet
west of Dekker Road
DC-03 -120.146117 46.386553 | SW-NW-NW 1 10N 21E |Along east side of N Liberty Road | Downgradient Well previously installed by EPA 911.09 " 85 ®
in Right-of-Way, 1,100 feet south
of Kirks Road
DC-04 -120.131111 46.382427| SE-SW-NE 1 10N 21E  |Along south side of Knowles Road | Downgradient |Well previously installed by EPA 877.82 " 51 ®
in Right-of-Way, 1,425 feet west of
Dekker Road
DC-05 -120.120414 46.382457| SE-SE-NW 6 10N 22E  |Along north side of Knowles Road | Downgradient |Well previously installed by EPA 91251 86 ®
in Right-of-Way, 1,300 feet east of
Dekker Road
DC-07 -120.141583 46.389581| NE-NW-NW 1 10N 21E  |Along south side of Kirks Road in | Downgradient |Well previously installed by EPA 889.91 (" 61 ®
Right-of-Way, 1,180 feet east of N.
Liberty Road
DC-09 -120.121056 46.404209| NE-NW-NW 31 11N 21E  |Along south side of E Zillah Drive | Downgradient Well previously installed by EPA 1049.10 7 196 ®
in Right-of-Way, 1,090 feet east of
Dekker Road
DC-14 -120.139764 46.404274| NW-NE-NW 36 11N 21E  |Along south side of E Zillah Drive | Downgradient Well previously installed by EPA 1037.13 7 151 ®
in Right-of-Way, 1,300 feet west of
N Arms Road
Notes:

(1) Coordinates are approximate; actual coordinates may vary
(2) PLS = Public Land Survey - Williamette Meridian
(3) Q-Q-Q = 1/4-1/4-1/4 of the Section
(4) U/D = Upgradient/Downgradient

ARCADIS

(5) Ground elevations are approximate; actual ground elevations may vary
(6) Total depth is approximate; actual depths may vary

(7) Elevation represnts Top Of Casing as reported by EPA

(8) Completed well depth as reported by EPA

5/20/2013







Table 2
Data Needs
Groundwater Monitoring
Yakima Valley Dairies

Lowest Potential
Regulatory
Level/Measurement
Matrix Analyte Units Criteria Data Use
Groundwater
Field Measurements Depth to water feet NA G_rogndwater purging
criteria
Field Measurements Dissolved Oxygen mg/L +/- 0.3 mg/L ccr;itrgzgdwater purging
Field Measurements Oxidation-Reduction Potential mV +/- 10mV C(itrglr.:gdwater purging
Field Measurements pH standard units +/- 0.1 pH units c%[rg:;dwater purging
Field Measurements Specific Conductance mmbhos/cm +/- 3% mmhos/cm C(;:z:;dwater purging
Field Measurements Temperature Celsius NA Qrogndwater purging
criteria
+/- 10% NTUs (when Groundwater purgin,
Field Measurements Turbidity NTU turbidity is greater than 10 | ~ ~° purging
criteria
NTUs)
. . . Support decision for
Analytical Laboratory Nitrate (as Nitrogen) mg/L 10 groundwater monitoring
. . . Support decision for
Analytical Laboratory Nitrite (as Nitrogen) mg/L 1 groundwater monitoring
Analytical Laboratory Ammonia mg/L NA Support decusuonlfor‘
groundwater monitoring
Analytical Laborato Total Phosphorus mg/L NA Support decision for
vy p 9 groundwater monitoring
Analytical Laboratory Total Kjeldahl Nitrogen mg/L NA Support decusuon.for‘
groundwater monitoring
Analytical Laboratory Choride mg/L 250* Support deusmn.for»
groundwater monitoring
Analytical Laboratory Fluoride mg/L 4 Support decision for
groundwater monitoring
Analytical Laboratory Sulfate mg/L 250* Support deusmn.for_
groundwater monitoring
Analytical Laboratory Calcium mg/L NA Support decusnon_for'
groundwater monitoring
Analytical Laboratory Potassium mg/L NA Support deusmn.for_
groundwater monitoring
. . Support decision for
Analytical Laboratory Magnesium mg/L NA groundwater monitoring
Analytical Laboratory Sodium mg/L NA Support deusmn.for_
groundwater monitoring
. Alkalinity Support decision for
Analytical Laboratory (total and bicarbonate) mo/L NA groundwater monitoring

Note:

NA = Not applicable

mg/L = milligrams per liter
mV = millivolts

mmhos/cm = micromhos per centimeter
NTU = nephelometric turbidity units
* = National Secondary Drinking Water Standard

5/15/2013
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Table 3
Data Needs
Groundwater Monitoring

Yakima Valley Dairies

Reporting No. of Container
Analyte Method Limit Container [ Containers | Designation | Hold Time | Preservation [ Accuracy | Precision | Completeness
Laboratory Measurements
Nitrate (as Nitrogen) EPA 300.0 0.2 mg/L 1L 1 1 48 hrs 4°C 80-120% +/-20% 90%
polyethylene
Nitrite (as Nitrogen) EPA 300.0 0.2 mg/L LL 1 1 48 hrs 4°C 80-120% +/-20% 90%
polyethylene
1L pH<2 with
Ammonia EPA 350.1 [0.05 or 0.3 mg/L 1 2 28 days H,SO, 80-120% +/-20% 90%
polyethylene 4°C
1L pH<2 with
Total Phosphorus EPA 365.1 0.02 mg/L 1 2 28 days H,SO, 80-120% +/-20% 90%
polyethylene 4°C
1L pH<2 with
Total Kjeldahl Nitrogen EPA 351.2 0.5 mg/L 1 2 28 days H,SO, 80-120% +/-20% 90%
polyethylene 4°C
Chloride EPA 300.0 0.06 mg/L 1L 1 1 28 days 4°C 80-120% +/-20% 90%
polyethylene
Fluoride EPA 300.1 0.04 mg/L 1L 1 1 28 days 4°c 80-120% | +-20% 90%
polyethylene
Sulfate EPA 300.2 0.03 mg/L 1L 1 1 28 days 4°C 80-120% +/-20% 90%
polyethylene
1L pH<2 with
Calcium EPA 200.7 30 mg/L 1 3 6 mos. HNO; 80-120% +/-20% 90%
polyethylene °
4°C
1L pH<2 with
Potassium EPA 200.7 700 mg/L 1 3 6 mos. HNO; 80-120% +/-20% 90%
polyethylene
4°C
5/15/2013
ARCADIS
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Table 3
Data Needs
Groundwater Monitoring
Yakima Valley Dairies

Reporting No. of Container
Analyte Method Limit Container [ Containers | Designation | Hold Time | Preservation [ Accuracy | Precision | Completeness
1L pH<2 with
Magnesium EPA 200.7 50 mg/L 1 3 6 mos. HNO3 80-120% +/-20% 90%
polyethylene 4°C
1L pH<2 with
Sodium EPA 200.7 100 mg/L 1 3 6 mos. HNO; 80-120% +/-20% 90%
polyethylene N
4°C
Total Alkalinity EPA 300.0 5.0 mg/L 1L 1 1 14 days 4°C 80-120% +/-20% 90%
polyethylene
Bicarbonate Alkalinity EPA 300.0 5.0 mg/L 1L 1 1 14 days 4°C 80-120% +/-20% 90%
polyethylene

Notes:

EPA = U.S. Environmental Protection Agency
mg/L = milligrams per liter

mg/L = micrograms per liter

NA = Not applicable

ml = milliliter

L = liter

°C = celsius
5/15/2013
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Table 4

Analyte Specifications for Field Parameters
Groundwater Monitoring
Yakima Valley Dairies

Units of Stabilization
Analyte Measurement Criteria Reference
Field Measurements
Depth to water feet NA NA
Dissolved Oxygen mg/L +/- 0.3 mg/L Wilde et al., 1998
Oxidation-Reduction Potential mV +/- 10mV Puls and Barcelona, 1996
. . Puls and Barcelona, 1996;
pH pH units +/- 0.1 pH units Wilde et al., 1008
Specific Conductance mmhos/cm +/- 3% mmhos/cm Puls and Barcelona, 1996
Temperature °C NA NA
+/- 10% NTUs (when .
Turbidity NTU turbidity is greater than Pu'%ﬂgfg{‘ﬁlozgéég%’
10 NTUs) B
Notes:
NA = not applicable
mg/L = milligrams per liter
mV = millivolts
mmhos/cm =micromhos per centimeter
°C = celsius
NTU = nephelometric turbidity units
ARCADIS




Table 5
Validation Checklist
Yakima Valley Dairies

Performance
Reported Acceptable Not
Tier Il Validation
Criteria No Yes No Yes Required

Holding times

Reporting limits
(units)

Blanks

A. Method blanks

B. Equipment
blanks

C. Trip blanks

Laboratory Control
Sample (LCS)

Laboratory Control
Sample Duplicate
(LCSD)

LCS/LCSD
Precision (RPD)

Matrix Spike (MS)

Matrix Spike
Duplicate (MSD)

MS/MSD Precision
(RPD)

Field/Lab Duplicate
(RPD)

Dilution Factor

%RSD Relative standard deviation

%R Percent recovery

RPD Relative percent difference

%D Percent difference
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@ ARCADIS Groundwater Monitoring

Well Installation Work
Plan

Yakima Valley Dairies
Groundwater Monitoring

1. Introduction

ARCADIS U.S. Inc. (ARCADIS) has prepared this Groundwater Monitoring Well Work
Plan (the “Work Plan”) for the Yakima Valley Dairies (the “Dairies”). The Work Plan has
been developed in accordance with requirements identified in Section Il1.E of the
Statement of Work (SOW) (Appendix B of Administrative Order on Consent [AOC]
SDWA-10-2013-0080) as they pertain to the drilling and installation of monitoring wells.
The drilling and installation of monitoring wells at the Dairies is required under the
Groundwater Monitoring requirement of the AOC and is a component to the
Groundwater Monitoring Quality Assurance Project Plan (QAPP). This Work Plan
includes the following sections: Environmental Setting, Groundwater Monitoring Well
Installation, Decontamination, Investigation Derived Wastes, Well Survey, and Health
and Safety.

1.1 Background

This Work Plan defines and describes that processes and methods that will be
employed to complete monitoring well installation in support of performing the
Groundwater Monitoring required under Section IIl.E of the AOC SOW. As a
component to the Groundwater Monitoring QAPP, this Work Plan was developed to
provide the means to meet project objectives and support key decisions as part of the
Groundwater Monitoring QAPP implementation.

1.2 Purpose and Scope

This Work Plan describes the installation of monitoring wells to characterize the
hydrogeology and ground water quality beneath the Dairies. The objectives of
groundwater monitoring are to establish baseline of groundwater quality information at
the Dairies, to evaluate whether actions taken to reduce nitrogen loading are effective
over time, and to collect information to supplement and verify existing information on
the environmental setting at the Dairies, including further clarification of the hydraulic
gradient on the aquifer beneath the Dairies.

2. Environmental Setting
2.1 Site Description

The Dairies include the George DeRuyter & Son Dairy, D and A Dairy, Cow Palace 1
and 2, Liberty Dairy, and Bosma Dairy. The Dairies are located in an area that

well installation work plan.doc 1
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occupies both the easternmost portion of the Toppenish Basin and the westernmost
portion of the Benton Basin within the south-central part of the Yakima Basin just south
of the Rattlesnake Hills in Yakima County, Washington. The Dairies are located
approximately 10 road miles northwest of Sunnyside, Washington. The Dairies occupy
portions or all of Sections 25, 26, 27, 35, and 36 of Township 11 North, Range 21 East;
Sections 19, 30, 31, and 32 of Township 11 North, Range 22 East; Section 1 of
Township 10 North, Range 21 East; and Sections 6 and 7 of Township 10 North,
Range 22 East, Willamette Meridian. Figure 1 shows the location of the Dairies and
general topography of the area.

Topography of the area containing the Dairies consists of gently rolling hills. Land use
is predominantly large dairy farms, which are concentrated animal feeding operations
(CAFOs), and irrigated cropland including apple and cherry orchards and grape
vineyards. Residences are interspersed throughout the area and are serviced by
private water wells for drinking water.

2.2 Regional and Site Geology and Hydrogeology

The information presented below is summarized from the U.S. Geological Survey
(USGS) publication Hydrogeologic Framework of the Yakima River Basin Aquifer
System, Washington (USGS 2009) and the U.S. Environmental Protection Agency
(EPA) publication Relation Between Nitrate in Water Wells and Potential Sources in the
Lower Yakima Valley, Washington (EPA 2012).

The Toppenish and Benton Basins consist of fine- and coarse-grained sediments
overlying a sequence of three major basalt flows. The structural setting is created by
bounding ridges such as the Rattlesnake Mountains, Ahtanum Ridge, Toppenish
Ridge, and Horse Heaven Hills. The uppermost basalts of the Saddle Mountain Unit of
the Columbia River Basalt Group are typically exposed in these upland ridges. This
unit averages more than 500 feet thick. The underlying Wanapum unit averages 600
feet thick. These units are separated by the Mabton Interbed, with an average
thickness of 70 feet.

The valley is filled with a variety of sediments that pinch out along the flanks of the
ridges. These sediments include Touchet Beds, loess and thick alluvial sands and
gravels, and significant thickness of Ellensburg Formation. The thickness of these
sedimentary unites decreases from an average of more than 500 feet in the Toppenish
Basin to less than 200 feet in the lower Benton Basin.

well installation work plan.doc 2
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Groundwater is found in fractures and interbeds formed of clinkers, permeable lave,
lake deposits or paleosols and may occur at significant depths in the upland ridges,
such as Horse Heaven Hills, and especially in the basalts. The water table is found at
shallower depths as the valley is approached from these ridges. Near the Yakima
River, it may be less than 10 feet to water, especially during the irrigation season.

There are two main aquifer types underlying the Dairies. They include a surficial
unconfined to semiconfined alluvial aquifer and an extensive basalt aquifer of great
thickness underlying the sedimentary deposits. The basalt aquifer is believe to be
semi-isolated from the surficial aquifer and stream systems. Groundwater flow within
the surficial aquifer generally follows topography, with natural recharge occurring within
the headlands and on the sides of the valley and discharge occurring to the Yakima
River. Flow within the uppermost portions of the underlying basaltic aquifer also
generally follows this pattern.

Because the basalts extend to great depths, the deeper basaltic layers may convey
waters across local flow divides to more regionally significant discharge locations such
as the Columbia River. This pattern produces a major flow direction from northwest to
southeast as water moves down the valley parallel to the course of the Yakima River.
Other, more localized directions of flow, typically at shallower depths in the uppermost
sediments, tend to flow toward the Yakima River. Locally, the flow direction may be
modified by geologic structures and by irrigation practices, drains, ditches, canals, and
other hydrologic features.

The Lower Yakima Valley is filled with sediments shed by the ridges at the margins of
the study area and those deposited in the valley bottom by the Yakima River. These
sediments have an internal structure that strongly controls groundwater movement. As
the water moves through these sediments, it tends to follow preferential flow paths
composed of coarser sediments.

2.3 Facilities

The information presented below is summarized from the EPA publication Relation
Between Nitrate in Water Wells and Potential Sources in the Lower Yakima Valley,
Washington (EPA 2012).

The Dairies are situated about 5 miles north of the Yakima River, and about 3 miles

north of the town of Outlook, near the northern edge of the irrigated area in the Yakima
Valley. The facilities generally consist of cow pens, milking parlors, animal waste

well installation work plan.doc 3
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lagoons, and application fields (e.g., irrigated cropland). Irrigation ditches run through
the dairy properties. Further, two irrigation canals, the Roza and Sunnyside Canals, run
along portions of the north and south Dairy boundaries, respectively. Several irrigation
wells located throughout the Dairies provide water for the application fields.

2.4 Surface Water

The information presented below is summarized from the U.S. Geological Survey
(USGS) publication Hydrogeologic Framework of the Yakima River Basin Aquifer
System, Washington (USGS 2009).

Surface water in the area containing the Dairies includes the Yakima River, located
approximately 5 miles south, two major irrigation canals, the Roza and Sunnyside
Canals, and numerous irrigation ditches and lagoons. The Yakima River is the main
surface water body that flows through the Yakima River Basin. The basin
encompasses about 6,200 square miles. The head waters of the basin are on the
upper, eastern slope of the Cascade Range. The basin terminates at the confluence of
the Yakima and Columbia Rivers. Eight major rivers and numerous smaller streams
are tributary to the Yakima River. Most of the precipitation in the basin falls during the
winter months as snow in the nearby mountains.

The Dairies are located in the lower third of the Yakima River Basin. In the area
containing the Dairies, intermittent streams flow off of the Rattlesnake Hills to the
Yakima River. The Roza and Sunnyside canals typically transect the intermittent
drainages. Flow in the canals is from west to east. The Roza and Sunnyside Canals
are operated by the Roza Irrigation District and the Sunnyside Valley Irrigation District,
respectively. Ancillary facilities to the canals include numerous laterals, drains, and
pumps.

3. Groundwater Monitoring Well Installation

Groundwater monitoring and water quality characterization of groundwater beneath the
Dairies will be conducted by means of monitoring wells. This section describes well
locations, drilling and installation activities.

3.1 Monitoring Well Locations

A total of twenty-three groundwater monitoring wells will be located at the Dairies.
Groundwater monitoring wells will include 17 wells completed in the “shallow” surficial

well installation work plan.doc 4
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aquifer, three wells completed in the “deep” surficial aquifer, three upgradient wells
completed in the “shallow” surficial aquifer. Figure 2 presents the locations of the
proposed monitoring wells.

3.2 Access

Monitoring wells will be located and drilled on Dairy-owned properties. ARCADIS will
coordinate timing and access to the properties with the Dairies prior to initiating well
drilling activities. Monitoring wells will be access by either paved or unimproved roads
that extend through the Dairies. Proposed well locations will be marked with a lathe
stake. Two alternate locations within 30 feet of the original location will be selected by
ARCADIS.

3.3 Utility Clearance

ARCADIS will mark the proposed boring locations shown on Figure 2 and consult with
the Washington State One Call. In addition, ARCADIS will contract a private utility
locating company to locate underground utilities prior to the initiation of drilling
activities. ARCADIS staff will also conduct a visual site inspection of the property to
identify potential utility lines. In this way ARCADIS will establish three lines of evidence
of utility location prior to implementation of drilling activities.

One of these locations will be used if underground utilities are exposed in the first
location (see below). If after the three locations, underground utilities cannot be
avoided, the drilling location will be abandoned and an alternate and suitable location
will be proposed.

3.4 Drilling

Monitoring wells will be installed within borings in accordance with Chapter 173-160
WAC, Minimum Standards for Construction and Maintenance of Wells and as
described below. Additional information relevant to drilling and sampling is included in
ARCADIS SOP “Soil Drilling and Sample Collection” (Appendix A).

Drilling of monitoring well borings will be conducted using a truck-mounted, air rotary
drill rig capable of drilling a minimum 8-inch diameter boring. Borings will be advanced
in unconsolidated alluvial materials to depths ranging from 60 to 150 feet below ground
surface (bgs). Temporary steel casing will be advanced with the drilling bit assembly to
maintain the borehole open.

well installation work plan.doc 5
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The initial 5 feet of the boreholes will be advanced by Vac-Truck/Air Knife to reduce
potential for damage to undetected underground utilities. If underground utilities are
exposed, the borehole will be backfilled and the borehole will be advanced at an
alternate location. If after the three locations, underground utilities cannot be avoided,
the drilling location will be abandoned and an alternate and suitable location will be
proposed.

Boreholes will be drilled until groundwater is encountered or observed in the drill
cuttings. Drilling will continue for approximately 5 feet at which point drilling will be
stopped to gauge the depth-to-water. Depth-to-water measurements will be gauged as
soon as drilling has stopped and then in 5-minute intervals for up to 30 minutes or until
water levels in the borehole stabilize, whichever occurs first. Final depth-to-water
measurements will be recorded by the geologist. Boreholes designated for installation
of shallow and deep surficial aquifer monitoring wells will be advanced approximately
15 and 45 feet, respectively, below the recorded static water level.

As the drilling advances, drill cuttings will be logged by a qualified, state-registered
geologist or hydrogeologist. Soils will be described using ASTM Method D2488-84
titled “Standard Practice for Description and Identification of Soils (Visual-Manual
Procedures)”. Soil descriptions will include color, grain size, sorting, qualitative
moisture content, visual evidence of oxidation, various layers and conditions, and other
notable characteristics.

3.5 Well Installation

Well construction materials will be chosen based on parameters to be monitored, and
the nature of contaminants that could potentially exist and migrate at or from the
Dairies. Well materials will 1) minimize the potential of adsorption of constituents from
the samples, and 2) not be a source of sample contamination. Wells will be constructed
for the purpose of long-term monitoring in accordance with all applicable federal, state,
and local laws. Additional information relevant to monitoring well installation is included
in ARCADIS SOP “Monitoring Well Installation” (Appendix B).

Monitoring wells will be constructed of 2-inch diameter, Schedule 40, National
Sanitation Foundation (NSF)-approved, polyvinyl chloride (PVC) flush-threaded casing.
The wells will be screened with a 20-foot section of 2-inch diameter, Schedule 40 PVC
slotted screen with 0.020-inch openings (20-slot), or equivalent. A 0.5-foot, 2-inch,
Schedule 40 PVC, matching thread, NSF-approved sump will be attached at the base

well installation work plan.doc 6
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of the well screen. Riser casings will extend above ground approximately 2.5 feet and
completed with protective steel surface casings and cement surface seals.

All PVC casing joints will be of matching flush-threaded design with Viton O-rings and
well be screwed together with the use of glues, epoxies, or petroleum-based lubricants.
All materials will be brought on site in factory-sealed polyethylene bags; the bags will
remain sealed until the time of installation. Screens and casing that are factory cleaned
and sealed can be installed directly into the borehole without further decontamination.

A minimum annular space of 2 inches between the borehole wall and the well casing
will be maintained. Centralizers will be installed below the well screen and within 4 feet
of the top of the well screen and every 50 feet up the riser casing until a maximum
depth of 20 feet bgs.

Well screens in monitoring wells completed in the shallow portion of the surficial aquifer
will be placed across the water table as determined at the time of monitoring well
installation (e.g., 15 feet of screen below the water table and 5 feet of screen above the
water table). The top of the screen in monitoring wells completed in the deeper portion
of the surficial aquifer will be set approximately 45 feet below the water table at the
time of installation.

The filter pack will extend from the bottom of the borehole to a least 2 feet above the
top of the screen. A filter pack of No. 10 x 20 Colorado Silica Sand or equivalent will be
placed around the screen, initially extending approximately 4 feet above the top of the
screen. The well screen will then be surged in 5-foot intervals for 5 minutes in each
interval. This will assure that the filter sand is settled and that the seal will not sink into
the screen. The field geologist will calculate the volume of filter pack expected to fill the
annular space in the filter pack interval and record this in a field logbook.

The remaining annular space will be backfilled with bentonite chips to within
approximately 3 feet below the ground surface. The bentonite chips will be added to
the borehole annulus within temporary drive casing in 2.5-foot increments and
hydrated. As bentonite chips are added and hydrated, the temporary drive casing will
be withdrawn in equal increments. The bentonite chips will be hydrated after placement
only if they are above the water table. At approximately 3 feet below the ground
surface, a steel riser casing will be placed over the well and secured in place using
concrete. Temporary steel casings will be removed concurrent with well installation.

well installation work plan.doc 7
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Materials used for the construction and completion details of each monitoring well will
be recorded on individual borehole logs. Total depths and placement depths of well
construction materials will be measured to the nearest 0.1 foot during installation using
a weighted fiberglass tape.

3.6 Well Development

After installation of the well, the screened zone will be developed by pumping or
bailing. Information relevant to monitoring well installation is included in ARCADIS SOP
“Monitoring Well Development” (Appendix C).The water-bearing zone will be
considered developed when discharge water is visually non-turbid and free of
sediment. However, if after 1 to 2 hours of development suspended sediment remains
in the discharge water, then development will be terminated. Water levels and field
measurements (e.g., pH, temperature, turbidity, specific conductance, water color,
clarity, odor, etc.) will be made periodically during development. Data collected during
development procedures will be recorded on a development log. Development water
will be discharged to the land surface at the drill site so long as it does not enter
surface water and result in cloudy/turbid water or other water quality criteria
exceedances. The pump, tubing, and all other equipment used during development will
be decontaminated between each use as specified in the relevant SOP.

4, Decontamination

The drill rig and sampling equipment will be decontaminated using a high-pressure
sprayer prior to beginning and upon conclusion of the drilling activities. Furthermore,
sampling equipment, drill bits, and casing will be decontaminated between borings.
Sampling devices will be visually inspected for soil; a stiff brush will be used to remove
any visible material. A high-pressure sprayer will be used to initially rinse the
equipment. The initial rinse will be followed by washing with Alconox or an equivalent
soap and a final rinse with the high-pressure sprayer. Water used for decontamination
will be disposed in the immediate vicinity of the respective boring. All disposable items
such as paper towels, disposable gloves and wash cloths will be deposited into a
garbage bag and disposed in a solid waste landfill.

5. Investigation Derived Waste

Investigation derived wastes (IDW) generated during field activities is expected to
consist of the following waste types:
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- Drill cuttings from monitoring wells

- Groundwater from well development

- Wastewater from well development activities
- Wastewater from drilling operations

- Decontamination fluids

Drill cuttings generated during drilling activities may be spread at the drill site so long
as it does not enter surface water and result in cloudy/turbid water or other water
quality criteria exceedances. Water generated from development and decontamination
activities will be discharged to the land surface at the drill site so long as it does not
enter surface water and result in cloudy/turbid water or other water quality criteria
exceedances. In some cases, IDW generated during drilling operations may need to be
placed in subcontractor-supplied 55-gallong Department of Transportation (DOT)-
approved drums and relocated as designated by the Project Coordinator.

6. Well Survey

Following installation and development, groundwater monitoring wells will be surveyed
by a Washington State licensed professional land surveyor. Wells will be surveyed
using, or existing well elevations converted to, the National Geodetic Vertical Datum
(NGVD), 1929, or updated to North American Vertical Datum of 1988 (NAVDS88) to an
accuracy of within 0.01 foot. Horizontal surveying accuracy will be within 1.0 foot and
will include the Washington State Coordinate System of each location.

7. Health and Safety

All work activities referenced in this work plan will be conducted in accordance with
applicable OSHA rules and regulations, as well as those specifically established in the
Project Health and Safety Plan (ARCADIS 2013). All personnel involved in the work will
be current with respect to required OSHA training and refresher requirements of 29
CFR Part 1920.120. It is expected that the majority of the work can be conducted in
Level D personal protective equipment.
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l. Scope and Application

Overburden drilling is commonly performed using the hollow-stem auger drilling
method. Other drilling methods suitable for overburden drilling, which are sometimes
necessary due to site-specific geologic conditions, include: drive-and-wash, spun
casing, Rotasonic, dual-rotary (Barber Rig), and fluid/mud rotary. Direct-push
techniques (e.g., Geoprobe or cone penetrometer) may also be used. The drilling
method to be used at a given site will be selected based on site-specific consideration
of anticipated drilling depths, site or regional geologic knowledge, types of sampling to
be conducted, required sample quality and volume, and cost.

No oils or grease will be used on equipment introduced into the boring (e.g., drill rod,
casing, or sampling tools).

Il. Personnel Qualifications

The Project Manager (a qualified geologist, environmental scientist, or engineer) will
identify the appropriate soil boring locations, depth and soil sample intervals in a
written plan.

Personnel responsible for overseeing drilling operations must have at least 16 hours
of prior training overseeing drilling activities with an experienced geologist,
environmental scientist, or engineer with at least 2 years of prior experience.

. Equipment List

The following materials will be available during soil boring and sampling activities, as
required:

Site Plan with proposed soil boring/well locations;

Work Plan or Field Sampling Plan (FSP), and site Health and Safety Plan
(HASP);

personal protective equipment (PPE), as required by the HASP;

drilling equipment required by the American Society for Testing and Materials
(ASTM) D 1586, when performing split-spoon sampling;

disposable plastic liners, when drilling with direct-push equipment;

appropriate soil sampling equipment (e.g., stainless steel spatulas, knife);
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equipment cleaning materials;
appropriate sample containers and labels;
chain-of-custody forms;

insulated coolers with ice, when collecting samples requiring preservation by
chilling;

photoionization detector (PID) or flame ionization detector (FID); and
field notebook and/or personal digital assistant (PDA).

Cautions

Prior to beginning field work, underground utilities in the vicinity of the drilling areas will
be identified by one of the following three actions (lines of evidence):

Contact the State One Call
Obtain a detailed site utility plan drawn to scale, preferably an “as-built” plan

Conduct a detailed visual site inspection

In the event that one or more of the above lines of evidence cannot be conducted, or
if the accuracy of utility location is questionable, a minimum of one additional line of

evidence will be utilized as appropriate or suitable to the conditions. Examples of
additional lines of evidence include but are not limited to:

Private utility locating service

Research of state, county or municipal utility records and maps including
computer drawn maps or geographical information systems (GIS)

Contact with the utility provider to obtain their utility location records
Hand augering or digging

Hydro-knife

Air-knife

Radio Frequency Detector (RFD)
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Ground Penetrating Radar (GPR)

Any other method that may give ample evidence of the presence or location of
subgrade utilities.

Overhead power lines also present risks and the following safe clearance must be
maintained from them.

Power Line Voltage Minimum Safe Clearance
Phase to Phase (kV) (feet)
50 or below 10
Above 50 to 200 15
Above 200 to 350 20
Above 350 to 500 25
Above 500 to 750 35
Above 750 to 1,000 35

ANSI Standard B30.5-1994, 5-3.4.5

Avoid using drilling fluids or materials that could impact groundwater or soil quality, or
could be incompatible with the subsurface conditions.

Water used for driling and sampling of soil or bedrock, decontamination of
drilling/sampling equipment, or grouting boreholes upon completion will be of a quality

acceptable for project objectives. Testing of water supply should be considered.

Specifications of materials used for backfilling borehole will be obtained, reviewed and
approved to meet project quality objectives.

V. Health and Safety Considerations
Field activities associated with overburden drilling and soil sampling will be performed

in accordance with a site-specific HASP, a copy of which will be present on site during
such activities.

VI. Procedure

Drilling Procedures

The drilling contractor will be responsible for obtaining accurate and representative
samples; informing the supervising geologist of changes in drilling pressure; and
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keeping a separate general log of soils encountered, including blow counts (i.e., the
number of blows from a soil sampling drive weight [140 pounds] required to drive the
split-barrel sampler in 6-inch increments). The term “samples” means soil materials
from particular depth intervals, whether or not portions of these materials are
submitted for laboratory analysis. Records will also be kept of occurrences of
premature refusal due to boulders or construction materials that may have been used
as fill. Where a boring cannot be advanced to the desired depth, the boring will be
abandoned and an additional boring will be advanced at an adjacent location to obtain
the required sample. Where it is desirable to avoid leaving vertical connections
between depth intervals, the borehole will be sealed using cement and/or bentonite.
Multiple refusals may lead to a decision by the supervising geologist to abandon that
sampling location.

Soil Characterization Procedures

Soils encountered while drilling soil borings will be collected using one of the following
methods:

2-inch split-barrel (split-spoon) sampler, if using the ASTM D 1586 - Standard
Test Method for Penetration Test and Split-Barrel Sampling of Soils

Plastic internal soil sample sleeves if using direct-push drilling.

Soils are typically field screened with an FID or PID at sites where volatile organic
compounds are present in the subsurface. Field screening is performed using one of
the following methods:

Upon opening the sampler, the soil is split open and the PID or FID probe is
placed in the opening and covered with a gloved hand. Such readings should be
obtained at several locations along the length of the sample

A portion of the collected soil is placed in a jar, which is covered with aluminum
foil, sealed, and allowed to warm to room temperature. After warming, the cover
is removed, the foil is pieced with the FID or PID probe, and a reading is
obtained.

Samples selected for laboratory analysis will be handled, packed, and shipped in
accordance with the procedures outlined in the Work Plan, FSP, or Chain-of-Custody,
Handling, Packing, and Shipping SOP.

A geologist will be onsite during drilling and sampling operations to describe each soil
interval on the soil boring log, including:
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percent recovery;

structure and degree of sample disturbance;

soil type;

color;

moisture condition;

density;

grain-size;

consistency; and

other observations, particularly relating to the presence of waste materials

Further details regarding geologic description of soils are presented in the Soil
Description SOP.

Particular care will be taken to fully describe any sheens observed, oil saturation,
staining, discoloration, evidence of chemical impacts, or unnatural materials.

VIl.  Waste Management

Water generated during cleaning procedures will be collected and contained onsite in
appropriate containers for future analysis and appropriate disposal.

PPE (such as gloves, disposable clothing, and other disposable equipment) resulting
from personnel cleaning procedures and soil sampling/handling activities will be
placed in plastic bags. These bags will be transferred into appropriately labeled 55-
gallon drums or a covered roll-off box for appropriate disposal.

Soil materials will be placed in sealed 55-gallon steel drums or covered roll-off boxes
and stored in a secured area. Once full, the material will be analyzed to determine the
appropriate disposal method.

VIIl. Data Recording and Management
The supervising geologist or scientist will be responsible for documenting drilling

events using a bound field notebook and/or PDA to record all relevant information in a
clear and concise format. The record of drilling events will include:
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start and finish dates of drilling;

name and location of project;

project number, client, and site location;

sample number and depths;

blow counts and recovery;

depth to water;

type of drilling method;

drilling equipment specifications, including the diameter of drilling tools;

documentation of any elevated organic vapor readings;

names of drillers, inspectors, or other people onsite; and

weather conditions.
IX.  Quality Assurance
Equipment will be cleaned prior to use onsite, between each drilling location, and prior
to leaving the site. Drilling equipment and associated tools, including augers, drill
rods, sampling equipment, wrenches, and other equipment or tools that may have
come in contact with soils and/or waste materials will be cleaned with high-pressure
steam-cleaning equipment using a potable water source. The drilling equipment will
be cleaned in an area designated by the supervising engineer or geologist that is
located outside of the work zone. More elaborate cleaning procedures may be
required for reusable soil samplers (split-spoons) when soil samples are obtained for
laboratory analysis of chemical constituents.

X. References

American Society of Testing and Materials (ASTM) D 1586 - Standard Test Method for
Penetration Test and Split-Barrel Sampling of Soils.
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l. Scope and Application

The procedures set out herein are designed to produce standard groundwater
monitoring wells suitable for: (1) groundwater sampling, (2) water level measurement,
(3) bulk hydraulic conductivity testing of formations adjacent to the open interval of the
well.

Monitoring well boreholes in unconsolidated (overburden) materials are typically drilled
using the hollow-stem auger drilling method. Other drilling methods that are also
suitable for installing overburden monitoring wells, and are sometimes necessary due
to site-specific geologic conditions, include: drive-and-wash, spun casing, Rotasonic,
dual-rotary (Barber Rig), and fluid/mud rotary with core barrel or roller bit. Direct-push
techniques (e.g., Geoprobe or cone penetrometer) and driven well points may also be
used in some cases within the overburden. Monitoring wells within consolidated
materials such as bedrock are commonly drilled using water-rotary (coring or tri-cone
roller bit), air rotary or Rotasonic methods. The drilling method to be used at a given
site will be selected based on site-specific consideration of anticipated drilling/well
depths, site or regional geologic knowledge, type of monitoring to be conducted using
the installed well, and cost.

No oils or grease will be used on equipment introduced into the boring (e.g., drill rod,
casing, or sampling tools). No polyvinyl chloride (PVC) glue/cement will be used in
constructing or retrofitting monitoring wells that will be used for water-quality
monitoring. No coated bentonite pellets will be used in the well drilling or construction
process. Specifications of materials to be installed in the well will be obtained prior to
mobilizing onsite, including:

. well casing;

) bentonite;

o sand; and

. grout.

Well materials will be inspected and, if needed, cleaned prior to installation.

Il. Personnel Qualifications

Monitoring well installation activities will be performed by persons who have been

trained in proper well installation procedures under the guidance of an experienced
field geologist, engineer, or technician. Where field sampling is performed for soil or

c\users\johnson2\documents\new sops\1723199 - monitoring well installation.doc
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bedrock characterization, field personnel will have undergone in-field training in soil or
bedrock description methods, as described in the appropriate SOP(s) for those
activities.

I Equipment List

The following materials will be available during soil boring and monitoring well
installation activities, as required:

. Site Plan with proposed soil boring/well locations;

o Work Plan or Field Sampling Plan (FSP), and site Health and Safety Plan
(HASP);

o personal protective equipment (PPE), as required by the HASP;

o traffic cones, delineators, caution tape, and/or fencing as appropriate for
securing the work area, if such are not provided by drillers;

. appropriate soil sampling equipment (e.g., stainless steel spatulas, knife);

. soil and/or bedrock logging equipment as specified in the appropriate SOPs;
. appropriate sample containers and labels;

. drum labels as required for investigation derived waste handling;

. chain-of-custody forms;

o insulated coolers with ice, when collecting samples requiring preservation by
chilling;

° photoionization detector (PID) or flame ionization detector (FID);
. ziplock style bags;

. water level or oil/water interface meter;

o locks and keys for securing the well after installation;

. decontamination equipment (bucket, distilled or deionized water, cleansers
appropriate for removing expected chemicals of concern, paper towels);

c\users\johnson2\documents\new sops\1723199 - monitoring well installation.doc
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. field notebook.

Prior to mobilizing to the site, ARCADIS personnel will contact the drilling
subcontractor or in-house driller (as appropriate) to confirm that appropriate sampling
and well installation equipment will be provided. Specifications of the sampling and
well installation equipment are expected to vary by project, and so communication with
the driller will be necessary to ensure that the materials provided will meet the project
objectives. Equipment typically provided by the driller could include:

. drilling equipment required by the American Society of Testing and Materials
(ASTM) D 1586, when performing split-spoon sampling;

. disposable plastic liners, when drilling with direct-push equipment;

o drums for investigation derived waste;

o drilling and sampling equipment decontamination materials;

. decontamination pad materials, if required; and

o well construction materials.

IV.  Cautions

Prior to beginning field work, underground utilities in the vicinity of the drilling areas will
be delineated by the drilling contractor or an independent underground utility locator
service. See separate SOP for utility clearance.

Some regulatory agencies require a minimum annular space between the well or
permanent casing and the borehole wall. When specified, the minimum clearance is
typically 2 inches on all sides (e.g., a 2-inch diameter well requires a 6-inch diameter
borehole). In addition, some regulatory agencies have specific requirements regarding
grout mixtures. Determine whether the oversight agency has any such requirements
prior to finalizing the drilling and well installation plan.

If dense non-aqueous phase liquids (DNAPL) are known or expected to exist at the
site, refer to the DNAPL Contingency Plan SOP for additional details regarding drilling

and well installation to reduce the potential for inadvertent DNAPL remobilization.

Similarly, if light non-aqueous phase liquids (LNAPLS) are known or expected to be
present as “perched” layers above the water table, refer to the DNAPL Contingency
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Plan. Follow the general provisions and concepts in the DNAPL contingency plan
during drilling above the water table at known or expected LNAPL sites.

Avoid using drilling fluids or materials that could impact groundwater or soil quality, or
could be incompatible with the subsurface conditions.

Similarly, consider the material compatibility between the well materials and the
surrounding environment. For example, PVC well materials are not preferred when
DNAPL is present. In addition, some groundwater conditions leach metals from
stainless steel.

Water used for driling and sampling of soil or bedrock, decontamination of
drilling/sampling equipment, or grouting boreholes upon completion will be of a quality
acceptable for project objectives. Testing of water supply should be considered.

Specifications of materials used for backfilling bore hole will be obtained, reviewed and
approved to meet project quality objectives. Bentonite is not recommended where
DNAPLs are likely to be present. In these situations, neat cement grout is preferred.

No coated bentonite pellets will be used in monitoring well construction, as the coating
could impact the water quality in the completed well.

Monitoring wells may be installed with Schedule 40 polyvinyl chloride (PVC) to a
maximum depth of 200 feet below ground surface (bgs). PVC monitoring wells
between 200 and 400 feet total depth will be constructed using Schedule 80 PVC.
Monitoring wells deeper than 400 feet will be constructed using steel.

V. Health and Safety Considerations

Field activities associated with monitoring well installation will be performed in
accordance with a site-specific HASP, a copy of which will be present on site during
such activities.

VI.  Procedures

The procedures for installing groundwater monitoring wells are presented below:

Hollow-Stem Auger, Drive-and-Wash, Spun Casing, Fluid/Mud Rotary, Rotasonic, and
Dual-Rotary Drilling Methods

1. Locate boring/well location, establish work zone, and set up sampling
equipment decontamination area.
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Advance boring to desired depth. Collect soil and/or bedrock samples at
appropriate interval as specified in the Work Plan and/or FSP. Collect,
document, and store samples for laboratory analysis as specified in the Work
Plan and/or FSP. Decontaminate equipment between samples in accordance
with the Work Plan and/or FSP. A common sampling method that produces
high-quality soil samples with relatively little soil disturbance is the ASTM D
1586 - Standard Test Method for Penetration Test and Split-Barrel Sampling of
Soils. Split-spoon samples are obtained during drilling using hollow-stem auger,
drive-and-wash, spun casing, and fluid/mud rotary. Rotasonic drilling produces
large-diameter soil cores that tend to be more disturbed than split-spoon
samples due to the vibratory action of the drill casing. Dual-rotary removes
cuttings by compressed air and allows only a general assessment of geology.
High-quality bedrock samples can be obtained by coring.

Describe each soil or bedrock sample as outlined in the appropriate SOP.
Record descriptions in the field notebook and/or personal digital assistant
(PDA). It should be noted that PDA logs must be electronically backed up and
transferred to a location accessible to other project team members as soon as
feasible to retain and protect the field data. During soil boring advancement,
document all drilling events in field notebook, including blow counts (number of
blows required to advance split-spoon sampler in 6-inch increments) and work
stoppages. Blow counts will not be available if Rotasonic, dual-rotary, or direct-
push methods are used. When drilling in bedrock, the rate of penetration
(minutes per foot) is recorded.

If it is necessary to install a monitor well into a permeable zone below a
confining layer, particularly if the deeper zone is believed to have water quality
that differs significantly from the zone above the confining layer, then a
telescopic well construction should be considered. In this case, the borehole is
advanced approximately 3 to 5 feet into the top of the confining layer, and a
permanent casing (typically PVC, black steel or stainless steel) is installed into
the socket drilled into the top of the confining layer. The casing is then grouted
in place. The preferred methods of grouting telescoping casings include:
pressure-injection grouting using an inflatable packer installed temporarily into
the base of the casing, such that grout is injected out the bottom of the casing
until it is observed at ground surface outside the casing; displacement-method
grouting (also known as the Halliburton method), which entails filling the casing
with grout and displacing the grout out the bottom of the casing by pushing a
drillable plug, typically made of wood to the bottom of the casing, following by
tremie grouting the remainder of the annulus outside the casing; or tremie
grouting the annulus surrounding the casing using a tremie pipe installed to the
base of the borehole. In all three cases, the casing is grouted to the ground
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surface, and the grout is allowed to set prior to drilling deeper through the
casing. Site-specific criteria and work plans should be created for the
completion of non-standard monitoring wells, including telescopic wells.

In consolidated formations such as competent bedrock, a monitoring well may
be completed with an open borehole interval without a screen and sandpack. In
these cases, the borehole is advanced to the targeted depth of the top of the
open interval. A permanent casing is then grouted in place following the
procedures described in Step 4 above. After the grout sets, the borehole is
advanced by drilling through the permanent casing to the targeted bottom depth
of the open interval, which then serves as the monitoring interval for the well. If
open-borehole interval stability is found to be questionable or if a specific depth
interval is later selected for monitoring, a screened monitoring well may later be
installed within the open-borehole interval, depending on the annular space and
well diameter requirements.

Before installing a screened well — or after drilling an open-bedrock well —, it is
important to confirm that the borehole has been advanced into the saturated
zone. This is particularly important for wells installed to monitor the water table
and/or the shallow saturated zone, as the capillary fringe may cause soils above
the water table to appear saturated. If one or more previously installed
monitoring wells exist nearby, use the depth to water at such well(s) to estimate
the water-table depth at the new borehole location.

To verify that the borehole has been advanced into the saturated zone, it is
necessary to measure the water level in the borehole. For boreholes drilled
without using water (e.g., hollow-stem auger, cable-tool, air rotary, air hammer),
verify the presence of groundwater (and /or LNAPL, if applicable) in the
borehole using an electronic water level probe, oil-water interface probe, or a
new or decontaminated bailer. For boreholes drilled using water (e.g., drive and
wash, spun-casing with roller-bit wash, rotasonic, or water rotary with core or
roller bit), monitor the water level in the borehole as it re-equilibrates to the static
level. In low-permeability units like clay, fine-grained glacial tills, shale and other
bedrock formations, it may be necessary to wait overnight to allow the water
level to equilibrate. To the extent practicable, ensure that the depth of the well
below the apparent water table is deep enough so that the installed well can
monitor groundwater year-round, accounting for seasonal water-table
fluctuations. In most cases, the well should be installed at least five feet below
the water-table depth, determined as described above. When in doubt, err on
the side of slightly deeper well installation.
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If necessary, the borehole should be drilled deeper to ensure that the well may
intersects the water table or a permeable water-bearing zone.

Upon completing the borehole to the desired depth, if a screened well
construction is desired, install the monitoring well by lowering the screen and
casing assembly with sump through the augers or casing. Monitoring wells
typically will be constructed of 2-inch-diameter, flush-threaded PVC or stainless
steel slotted well screen and blank riser casing. Smaller diameters may be used
if wells are installed using direct-push methodology or if multiple wells are to be
installed in a single borehole. The screen length will be specified in the Work
Plan or FSP based on regulatory requirements and specific monitoring
objectives. Monitoring well screens are usually 5 to 10 feet long, but may be up
to 25 feet long in very low permeability, thick geologic formations. The screen
length will depend on the purpose for the well and the objectives of the
groundwater investigation. Typically, the slot size will be 0.010 inch and the
sand pack will be 20-40, Morie No. 0, or equivalent. In very fine-grained
formations where sample turbidity needs to be minimized, it may be preferred to
use a 0.006-inch slot size and 30-65, Morie No. 00, or equivalent sand pack.
Alternatively, where monitoring wells are installed in coarse-grained deposits
and higher well yield is required, a 0.020-inch slot size and 10-20, Morie No. 1,
or equivalent sand pack may be preferred. To the extent practicable, the slot
size and sand pack gradation may be predetermined in the Work Plan or FSP
based on site-specific grain-size analysis or other geologic considerations or
monitoring objectives. A blank sump may be attached below the well screen if
the well is being installed for DNAPL recovery/monitoring purposes. If so, the
annular space around the sump will be backfilled with neat cement grout to the
bottom of the well screen prior to placing the sand pack around the screen. A
blank riser will extend from the top of the screen to approximately 2.5 feet above
grade or, if necessary, just below grade where conditions warrant a flush-
mounted monitoring well. For wells greater than 50 feet deep, centralizers may
be desired to assist in centralizing the monitoring well in the borehole during
construction.

When the monitoring well assembly has been set in place and the grout has
been placed around the sump (if any), place a washed silica sand pack in the
annular space from the bottom of the boring to a height of 1 to 2 feet above the
top of the well screen. The sand pack is placed and drilling equipment extracted
in increments until the top of the sand pack is at the appropriate depth. The
sand pack will be consistent with the screen slot size and the soil particle size in
the screened interval, as specified in the Work Plan or FSP. A hydrated
bentonite seal (a minimum of 2 feet thick) will then be placed in the annular
space above the sand pack. If non-hydrated bentonite is used, the bentonite
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should be permitted to hydrate in place for a minimum of 30 minutes before
proceeding. No coated bentonite pellets will be used in monitoring well drilling or
construction. Potable water may be added to hydrate the bentonite if the seal is
above the water table. Monitor the placement of the sand pack and bentonite
with a weighted tape measure. During the extraction of the augers or casing, a
cement/bentonite or neat cement grout will be placed in the annular space from
the bentonite seal to a depth approximately 2 feet bgs.

Place a locking, steel protective casing (extended at least 1.5 feet below grade
and 2 feet above grade) over the riser casing and secure with a neat cement
seal. Alternatively, for flush-mount completions, place a steel curb box with a
bolt-down lid over the riser casing and secure with a neat cement seal. In either
case, the cement seal will extend approximately 1.5 to 2.0 feet below grade and
laterally at least 1 foot in all directions from the protective casing, and should
slope gently away to promote drainage away from the well. Monitoring wells will
be labeled with the appropriate designation on both the inner and outer well
casings or inside of the curb box lid.

When an above-grade completion is used, the PVC riser will be sealed using an
expandable locking plug and the top of the well will be vented by drilling a small-
diameter (1/8 inch) hole near the top of the well casing or through the locking
plug, or by cutting a vertical slot in the top of the well casing. When a flush-
mount installation is used, the PVC riser will be sealed using an unvented,
expandable locking plug.

During well installation, record construction details and actual measurements
relayed by the drilling contractor and tabulate materials used (e.g., screen and
riser footages; bags of bentonite, cement, and sand) in the field notebook.

After completing the well installation, lock the well, clean the area, and dispose
of materials in accordance with the procedures outlined in Section VII below.

Direct-Push Method

The direct-push drilling method may also be used to complete soil borings and install
monitoring wells. Examples of this technique include the Diedrich ESP vibratory probe
system, GeoProbe®, or AMS Power Probe® dual-tube system. Environmental probe
systems typically use a hydraulically operated percussion hammer. Depending on the
equipment used, the hammer delivers 140- to 350-foot pounds of energy with each
blow. The hammer provides the force needed to penetrate very stiff/fmedium dense
soil formations. The hammer simultaneously advances an outer steel casing that
contains a dual-tube liner for sampling soil. The outside diameter (OD) of the outer

c\users\johnson2\documents\new sops\1723199 - monitoring well installation.doc



ARCADIS

SOP: Monitoring Well Installation 10
Rev. #: 3 | Rev Date: February 2, 2011

casing ranges from 1.75 to 2.4 inches and the OD of the inner sampling tube ranges
from 1.1 to 1.8 inches. The outer casing isolates shallow layers and permits the unit to
continue to probe at depth. The double-rod system provides a borehole that may be
tremie-grouted from the bottom up. Alternatively, the inside diameter (ID) of the steel
casing provides clearance for the installation of small-diameter (e.g., 0.75- to 1-inch
ID) micro-wells. The procedures for installing monitoring wells in soil using the direct-
push method are described below.

1. Locate boring/well location, establish work zone, and set up sample equipment
decontamination area.

2. Advance soil boring to designated depth, collecting samples at intervals
specified in the Work Plan. Samples will be collected using dedicated,
disposable, plastic liners. Describe samples in accordance with the procedures
outlined in Step 3 above. Collect samples for laboratory analysis as specified in
the Work Plan and/or FSP.

3. Upon advancing the borehole to the desired depth, install the micro-well through
the inner drill casing. The micro-well will consist of approximately 1-inch ID PVC
or stainless steel slotted screen and blank riser. The sand pack, bentonite seal,
and cement/bentonite grout will be installed as described, where applicable, in
Step 7 and 8 above.

4, Install protective steel casing or flush-mount, as appropriate, as described in
Step 9 above. During well installation, record construction details and tabulate
materials used.

5. After completing the well installation, lock the well, clean the area, and dispose
of materials in accordance with the procedures outlined in Section VII below.

Driven Well Point Installation

Well points will be installed by pushing or driving using a drilling rig or direct-push rig,
or hand-driven where possible. The well point construction materials will consist of a
1- to 2-inch-diameter threaded steel casing with either 0.010- or 0.020-inch slotted
stainless steel screen. The screen length will vary depending on the hydrogeologic
conditions of the site. The casings will be joined together with threaded couplings and
the terminal end will consist of a steel well point. Because they are driven or pushed
to the desired depth, well points do not have annular backfill materials such as sand
pack or grout.
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VII. Waste Management

Investigation-derived wastes (IDW), including soil cuttings and excess drilling fluids (if
used), decontamination liquids, and disposable materials (well material packages,
PPE, etc.), will be placed in clearly labeled, appropriate containers, or managed as
otherwise specified in the Work Plan, FSP, and/or IDW management SOP.

VIIl. Data Recording and Management

Drilling activities will be documented in a field notebook. Pertinent information will
include personnel present on site, times of arrival and departure, significant weather
conditions, timing of well installation activities, soil descriptions, well construction
specifications (screen and riser material and diameter, sump length, screen length and
slot size, riser length, sand pack type), and quantities of materials used. In addition,
the locations of newly-installed wells will be documented photographically or in a site
sketch. If appropriate, a measuring wheel or engineer’s tape will be used to determine
approximate distances between important site features.

The well or piezometer location, ground surface elevation, and inner and outer casing
elevations will be surveyed using the method specified in the site Work Plan.
Generally, a local baseline control will be set up. This local baseline control can then
be tied into the appropriate vertical and horizontal datum, such as the National
Geodetic Vertical Datum of 1929 or 1988 and the State Plane Coordinate System. At a
minimum, the elevation of the top of the inner casing used for water-level
measurements should be measured to the nearest 0.01 foot. Elevations will be
established in relation to the National Geodetic Vertical Datum of 1929. A permanent
mark will be placed on top of the inner casing to mark the point for water-level
measurements.

IX.  Quality Assurance

All drilling equipment and associated tools (including augers, drill rods, sampling
equipment, wrenches, and any other equipment or tools) that may have come in
contact with soil will be cleaned in accordance with the procedures outlined in the
appropriate SOP. Well materials will also be cleaned prior to well installation.

X. References

American Society of Testing and Materials (ASTM) D 1586 - Standard Test Method for
Penetration Test and Split-Barrel Sampling of Soils.
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l. Scope and Application

Monitoring wells (or piezometers, well points, or micro-wells) will be developed to clear
them of fine-grained sediment to enhance the hydraulic connection between the well
and the surrounding geologic formation. Development will be accomplished by
evacuating well water by either pumping or bailing. Prior to pumping or bailing, the
screened interval will be gently surged using a surge block, bailer, or inertia pump with
optional surgeblock fitting as appropriate. Accumulated sediment in the bottom of the
well (if present) will be removed by bailing with a bottom-loading bailer or via pumping
using a submersible or inertia pump with optional surge-block fitting. Wells will also be
gently brushed with a weighted brush to assist in removing loose debiris, silt or flock
attached to the inside of the well riser and/or screen prior to development. Pumping
methods will be selected based on site-specific geologic conditions, anticipated well
yield, water table depth, and groundwater monitoring objectives, and may include one
or more of the following:

e submersible pump

e inertial pump (Waterra™ pump or equivalent)

e bladder pump

e  peristaltic pump

e centrifugal pump

When developing a well using the pumping method, the pump (or, with inertial pumps,
the tubing) is lowered to the screened portion of the well. During purging, the pump or
tubing is moved up and down the screened interval until the well yields relatively clear
water.

Submersible pumps have a motor-driven impeller that pushes the groundwater through
discharge tubing to the ground surface. Inertial pumps have a check valve at the bottom
of stiff tubing which, when operated up and down, lifts water to the ground surface.
Bladder pumps have a bottom check valve and a flexible internal bladder that fills from
below and is then compressed using pressurized air to force water out the top of the
bladder through the discharge tubing to the ground surface. These three types of
pumps have a wide range of applicability in terms of well depth and water depth.
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Centrifugal and peristaltic pumps use atmospheric pressure to lift water from the well,
and therefore can only be practically used where the depth to water is less than 25 feet.

Il. Personnel Qualifications

Monitoring well development activities will be performed by persons who have been
trained in proper well development procedures under the guidance of an experienced
field geologist, engineer, or technician.

I Equipment List

Materials for monitoring well development using a pump include the following:

health and safety equipment, as required by the site Health and Safety Plan
(HASP):

e cleaning equipment

e photoionization detector (PID) to measure headspace vapors

e pump

e polyethylene pump discharge tubing

e plastic sheeting

e power source (generator or battery)

o field notebook and/or personal digital assistant (PDA)

e graduated pails

e appropriate containers
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e monitoring well keys
e water level indicator

Materials for monitoring well development using a bailer include the following:

personal protective equipment (PPE) as required by the HASP

e cleaning equipment

e PID to measure headspace vapors

e bottom-loading bailer, sand bailer

e polypropylene or nylon rope

e plastic sheeting

e graduated pails

e appropriate containers

o keystowells

e field notebook and/or PDA

e water level indicator

¢ weighted brush for well brushing
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V. Cautions

Where surging is performed to assist in removing fine-grained material from the sand pack,
surging must be performed in a gentle manner. Excessive suction could promote fine-grained
sediment entry into the outside of the sand pack from the formation.

Avoid using development fluids or materials that could impact groundwater or soil quality, or
could be incompatible with the subsurface conditions.

In some cases it may be necessary to add potable water to a well to allow surging and
development, especially for new monitoring wells installed in low permeability formations. Before
adding potable water to a well, the Project Manager (PM) must be notified and the PM shall
make the decision regarding the appropriateness and applicability of adding potable water to a
well during well development procedures. If potable water is to be added to a well as part of
development, the potable water source should be sampled and analyzed for constituents of
concern, and the results evaluated by the PM prior to adding the potable water to the well. If
potable water is added to a well for development purposes, at the end of development the well
will be purged dry to remove the potable water, or if the well no longer goes dry then the well will
be purged to remove at least three times the volume of potable water that was added.

V. Health and Safety Considerations

Field activities associated with monitoring well development will be performed in accordance
with a site-specific HASP, a copy of which will be present on site during such activities.

VI. Procedure

The procedures for monitoring well development are described below. (Note: Steps 7, 8, and 10
can be performed at the same time using an inertial pump with a surge-block fitting.)

1. Don appropriate PPE (as required by the HASP).
2. Place plastic sheeting around the well.

3. Clean all equipment entering each monitoring well, except for new, disposable materials
that have not been previously used.
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Open the well cover while standing upwind of the well, remove well cap. Insert PID probe
approximately 4 to 6 inches into the casing or the well headspace and cover with gloved
hand. Record the PID reading in the field notebook. If the well headspace reading is less
than 5 PID units, proceed; if the headspace reading is greater than 5 PID units, screen
the air within the breathing zone. If the PID reading in the breathing zone is below 5 PID
units, proceed. If the PID reading is above 5 PID units, move upwind from well for 5
minutes to allow the volatiles to dissipate. Repeat the breathing zone test. If the reading is
still above 5 PID units, don the appropriate respiratory protection in accordance with the
requirements of the HASP. Record all PID readings.

Obtain an initial measurement of the depth to water and the total well depth from the
reference point at the top of the well casing. Record these measurements in the field log
book.

Prior to redeveloping older wells that may contain solid particulate debris along the inside
of the well casing and screen, gently lower and raise a weighted brush along the entire
length of the well screen and riser to free and assist in removing loose debiris, silt or flock.
Perform a minimum of 4 “passes” along the screened and cased intervals of the well
below the static water level in the well. Allow the resulting suspended material to settle for
a minimum of one day prior to continuing with redevelopment activities.

Lower a surge block or bailer into the screened portion of the well. Gently raise and lower
the surge block or bailer within the screened interval of the well to force water in and out
of the screen slots and sand pack. Continue surging for 15 to 30 minutes.

Lower a bottom-loading bailer, submersible pump, or inertia pump tubing with check
valve to the bottom of the well and gently bounce the bailer, pump, pump tubing on the
bottom of the well to collect/remove accumulated sediment, if any. Remove and empty
the bailer, if used. Repeat until the bailed/pumped water is free of excessive sediment
and the bottom of the well feels solid. Alternatively, measurement of the well depth with a
water level indicator can be used to verify that sediment and/or silt has been removed to
the extent practicable, based on a comparison with the well installation log or previous
measurement of total well depth.

After surging the well and removing excess accumulated sediment from the bottom of the
well, re-measure the depth-to-water and the total well depth from the reference point at
the top of the well casing. Record these measurements in the field log book.

Remove formation water by pumping or bailing. Where pumping is used, measure and
record the pre-pumping water level. Operate the pump at a relatively constant rate.
Measure the pumping rate using a calibrated container and stop watch, and record the
pumping rate in the field log book. Measure and record the water level in the well at least
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once every 5 minutes during pumping. Note any relevant observations in terms of water
color, visual level of turbidity, sheen, odors, etc. Pump or bail until termination criteria
specified in the Field Sampling Plan (FSP) are reached. Record the total volume of water
purged from the well.

11.  If the well goes dry, stop pumping or bailing. Note the time that the well went dry. After
allowing the well to recover, note the time and depth to water. Resume pumping or bailing
when sufficient water has recharged the well.

12.  Contain all water in appropriate containers.
13. When complete, secure the lid back on the well.

14.  Place disposable materials in plastic bags for appropriate disposal and decontaminate
reusable, downhole pump components and/or bailer.

VII. Waste Management

Materials generated during monitoring well installation and development will be placed in
appropriate labeled containers